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ABSTRACT
Spectroscopic and photometric observations are presented of stars in three Population 
II systems: the Galactic globular clusters co Centauri and 47 Tucanae, and the Fornax 
dwarf spheroidal galaxy.
1) co Centauri: In this cluster , analysis of (V-l|i) colours and high resolution spec­
tra of 15 red giant stars lead to the following conclusions.
i) There is a range in iron abundance of order 0.6 dex.
ii) CN and ON process products are being mixed to the surface in some red giants.
iii) [Na/Fe] appear to be positively correlated with [N/Fe], suggesting a link 
between sodium enhancement and mixing phenomena. There are some stars, 
however, which have enhanced an nitrogen abundance and a normal sodium 
abundance.
iv) Silicon and calcium are both overabundant with respect to oxygen and iron, 
the abundance of calcium appears positively correlated with that of iron.
v) Zirconium, barium, and lanthanum are in general overabundant. [Ba/Fe] is 
positively correlated with [Fe/H], suggesting a primordial origin for the 
enhancement. No dependence between the s-process element abundances and that 
of the CNO group is evident.
Points i), iv), and v) are consistent with primordial enrichment by carbon deflagration 
Supernovae.
2) 47 Tucanae: Radial velocities and cyanogen band strengths have been derived for 
125 stars beyond r = 17' from the centre of the globular cluster 47 Tucanae. The' 
strength of the cyanogen band of 48 stars between 2.5’ < r < 6' have also been 
obtained. From these data and that of Mayor et al. (1983) and Freeman and Da Costa 
(unpublished) the dependence of velocity dispersion on radius, and the radial 
distribution of the CN band strengths have been investigated.
The distribution of the stellar cyanogen band strengths for stars with r < 6’ from the 
cluster centre, and that for stars beyond r = 6' are different at the 0.15% significance 
level. The kinematics of the CN strong and CN weak groups of stars are not different 
within the errors, however. The CN radial gradient is consistent with the gradual 
outward diffusion of an initially more concentrated distribution of CN strong stars.
The velocity dispersion data are reasonable well fitted by single-mass King and single- 
and multi-mass King-Michie models. These models do not predict the low central 
dispersion value found by Illingworth (1976)
There is no compelling evident for a change in the ratio of the number of CN strong to 
CN weak stars from My = 1.6 on the giant branch to the horizontal branch. The CN- 
CH anticorrelation is evident down to the faint limit of our sample, V = 15.0.(My = 
1. 6 ) .
3) Fornax Dwarf Spheroidal Galaxy: The velocity dispersion and rotation of the 
Fornax dwarf spheroidal galaxy have been derived from the spectra of 80 bright K- 
giants. The velocity dispersions at the centre and at one core radius are 9.4 ± km 
S ' 1 and 2.9 ± +%$ km S’1 respectively. From isopleth contour fitting we find an 
integrated apparent magnitiude of V = 7.46. The indicated mass to light ratio for a 
King model is 2.9. For core fitting, the M/L is 3.7. The conclusion to be drawn is that 
there is little dark matter in Fornax within one core radius. The rotational velocity at 
one core radius is 3.5 ± 2.0 km S'1. This value is inconsistent with the notion that 
Fornax was once a dwarf irregular.
Illingworth, G. 1976, Ap. J., 204, 73.
Mayor, G. et al. 1983, Astr. Ap. Suppl., 54, 495.
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CHAPTER 1: 
Introduction
l
L INTRODUCTION
The special properties of globular clusters and dwarf spheroidal galaxies (dSphs) make 
them profitable objects of study for astronomers. Each globular cluster and dSph is a 
miniature astrophysical laboratory in which we can learn about the formation of stars 
and stellar systems and their self-enrichment, and study the effects of age, abundance 
and kinematics on the evolution of a star. These systems are self gravitating aggregates 
of between 105 and 108 stars. The stars within globular clusters would appear to have 
formed out of a single cloud of gas, on the basis of their internal abundance 
homogeneity, and are essentially coeval. This is evinced by the tightness of the cluster 
sequences in the color-magnitude plane. Upon closer examination, however, there are 
star to star differences. It is now apparent that a globular cluster does not consist of 
stars that are essentially chemically identical. Rather, abundance variations can be 
discerned that indicate that these systems are composed of different populations. In 
dSphs evidence for large internal age spreads, and therefore multiple populations, has 
been discovered. Population in the above contexts refer to groups of stars that are 
linked by common age, abundance and kinematic properties. For example, in some 
clusters (e.g. 47 Tucanae) the stellar cyanogen band strength distribution is bimodal, 
suggestive of two populations. In co Centauri, there is a range in the CN band 
strength, but the kinematics of the CN strong and weak groups are possibly different. 
In the majority of dSphs, there have been at least two and possibly multiple periods of 
star formation.
In this thesis research is presented on three Population II systems: the globular clusters 
co Centauri and 47 Tucanae, and the Fornax dwarf spheroidal galaxy. The work 
carried out was a chemical and kinematic study of a number of individual stars within 
each of these. In the following sections the basic abundance and kinematic properties 
of globular clusters and dwarf spheroidal galaxies will be outlined, with particular 
reference to the above systems. Some of the important questions that are addressed in
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this thesis will also be discussed as well as the reasons for chosing to observe co 
Centauri, 47 Tucanae and Fornax to do so.
H  CHEMICAL ANOMALIES IN POPULATION H SYSTEMS
a) Globular Clusters
Early research into the abundance properties of globular clusters took the form of 
integrated light spectra (Fath 1911, 1913; Mayall 1946; Morgan 1956). These early 
studies indicated that clusters differed from one another in their spectral properties. 
Intra cluster abundance variations were not apparent. With the advent of photoelectric 
photometers accurate individual stellar magnitudes and colours could be derived, and 
the morphology of the cluster sequences investigated for chemical variations (e.g. co 
Centauri, Woolley et al. 1967). For instance, the (B-V) colour for stars on the giant 
branch can be used to estimate the stellar iron abundance. The DDO C(4142) colour is 
used to measure the strength of the cyanogen bands, and infer the relative abundance of 
CN. In general, abundance variations are confirmed only for the lighter elements 
carbon, nitrogen, and sodium. For iron, which is generally used as an indication of 
overall metal abundance, variations are rare. Only in co Centauri and M22 have star to 
stars difference in this element been confirmed. Extensive reviews of the globular 
cluster system of the Galaxy and their abundance variations can be found in Harris and 
Racine (1979), Kraft (1979), Freeman and Norris (1981), and Smith (1987).
Clusters may be divided by abundance characteristics into three categories (see Smith 
1986). First there are those with variations in the elements with Z > 14. There are two 
clusters in this category, co Centauri and M22. The former cluster shows a range of 
0.8 dex in Fe, and a spread in the abundances of calcium, and the s-process elements 
Zr and Ba (e.g.Freeman and Rodgers 1975, Manduca and Bell 1978, Cohen 1981, 
Gratton 1982). The abundance variations in the latter system are not as great as for co 
Cen, but appear to be of the same kind (Hesser, Hartwick and McClure 1977;
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Pilachowski et al. 1982; Norris and Freeman 1983). Of the clusters which exhibit no 
heavy element variation, two types may be discerned. One category shows a bimodal 
distribution in the strength of the CN bands such as 47 Tue (Norris and Freeman 
1979), NGC 6752 (Norris et al. 1981), M4 (Norris 1981), M5 (Smith and Norris 
1983), M3 (Suntzeff 1981; Norris and Smith 1984), NGC 362 (Smith 1983, 1984), 
M71 (Smith and Norris 1982), NGC 3201 (Smith and Norris 1982), NGC 6934 
(Smith and Bell 1986). Those in the second have single-mode CN distributions (e.g. 
M55, Smith and Norris 1982). It turns out that these CN categories are approximately 
equivalent to a classification on metallicity. Clusters with [Fe/H] £ -1.6 all appear to 
have bimodal CN distributions, indicative of two populations, while systems with 
[Fe/H] ^ -1.8 have mono-modal distributions. Spectroscopy indicates that the bimodal 
clusters show a C-N abundance anticorrelation: the stars with strong CN bands have 
enhanced N and depleted C with respect to the weak CN stars (e.g. 47 Tue, Norris and 
Freeman 1982; Norris, Freeman, and Da Costa 1984), but with little indication of 
abundance changes with evolution up the giant branch. The single-mode clusters 
exhibit no obvious C-N anticorrelation, but there does appear to be a stellar luminosity- 
abundance correlation in which the carbon abundance decreases with evolution up the 
giant branch (e.g. M92, Carbon et al. 1982), consistent with the cycling of CN process 
products to the stellar surface as a star evolves. Carbon et al. (1982) found that the 
(C+N) abundance was not constant from star to star, suggesting possible primoridal 
variations in these elements. More recently, Pilachowski (1988) has shown that the 
(C+N+O) abundances for six giants in this cluster are the same within the errors. 
These phenomena have a natural explanation in the occurrence of both CN and ON 
processed material dredge up.
While the C and N variations may be explained by evolutionary processes combined 
with primordial events, there are further interesting observations that muddy the 
waters. Sodium variations have been found to accompany nitrogen variations in all 
clusters studied for this effect (Peterson 1980; Cottrell and Da Costa 1981; Norris et al. 
1981; Norris and Pilachowski 1985). There also appears to be a AI - N correlation in
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the bimodal clusters (Norris and Smith 1983). While it is possible that these variations 
in Na and A1 are artifacts of atmospheric phenomena, it now seems more likely that 
they are due to real abundance anomalies. These elements cannot be synthesised in low 
mass cluster giants, and a primordial mechanism appears necessary to explain the 
variations. For example, stars enhanced in Na and N may be slightly younger than the 
Na, N normal stars, and have been enriched by an earlier generation of 5 - 10 MQ 
stars. These objects produce N as the result of CN cycle processing, and Na and A1 
during their thermal pulsing asymptotic giant branch (AGB) phase (Iben 1975, 1976). 
It is not clear, however, how evolutionary and primordial events can be combined to 
produced the observed abundance variations. In addition, the special peculiarities of co 
Centauri (and M22) suggest an admixture of primordial and evolutionary phenomena. 
In this cluster one finds a continuous range in the stellar CN bands strengths rather than 
a bimodality, and a range in the Call line strength. Norris (1980) shows that there is a 
broad correlation between these bands, but that for a given calcium line strength there is 
a range in the CN band strength.
It is possible that there is a radial gradient in the CN distribution in some clusters. In co 
Centauri the CN strong stars appear to inhabit only the inner half of the cluster, while 
the CN weak stars exist out to the tidal radius (Norris, Freeman, and Seitzer as quoted 
by Freeman and Norris 1981). From an analysis of CN band strength measurements 
of over 160 stars in 47 Tue, Norris and Freeman (1979) have found evidence that the 
ratio of the number of CN strong to CN weak stars in the inner few arc minutes of this 
cluster is greater than for the outer region.
b) Dwarf Spheroidal Galaxies
Some dwarf spheroidal galaxies also exhibit peculiarities that are the result of 
abundance variations (Norris and Bessell 1978; Zinn 1978; Smith and Dopita 1983; 
Buonanno et al. 1985; see also the review by Da Costa 1988). The width of the giant 
branch and stellar spectrum synthesis analysis suggest several tenths of a dex spread in 
abundance in all but the smallest dwarfs. The Sculptor system exhibits a range in CN
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band strength (Smith and Dopita 1983) and infrared Ca II line strength (Armandroff, 
Da Costa, and Zinn as reported in Da Costa 1988) at a given luminosity and colour.
While the stars within any particular galactic globular cluster are approximately coeval, 
the majority of dwarf spheroidals appear to have undergone two, and possibly 
multiple, epoches of star formation. Evidence for this has been the discovery of upper 
AGB stars (Aaronson and Mould 1980, 1985), anomalous cepheids (e.g. Baade and 
Swope 1961; Light, Armandroff and Zinn 1986), and blue stragglers that have been 
interpreted as younger main sequence turnoff stars (Buonnano et al. 1985). Thus, 
these systems have had a complex history of formation and possibly chemical self 
enrichment.
IIL INTERNAL KINEMATICS OF POPULATION U SYSTEMS
a) Globular Clusters
Research into the internal kinematics of these systems is generally based upon a study 
of the surface luminosity, velocity dispersion, and star count distributions for various 
mass groups. Observations are mostly compared with the predictions of isotropic King 
models (King 1966). The radial distribution of surface brightness and velocity 
dispersion are usually reasonably well fitted by such models. However, some globular 
clusters show significant discrepancies. Attempts to improve the models include the 
use of multi-mass component distribution functions and various assumptions about the 
thermal equilibrium of the system (e.g.Da Costa and Freeman 1976, Da Costa 1977), 
the use of an anisotropic distribution function (e.g. the King-Michie model; see Michie 
1963, Kent and Gunn 1982), and the inclusion of rotation. These have not been 
altogether successful in removing the discrepancies been observation and theory such 
as the run of surface luminosity and velocity dispersion with radius (e.g. 47 Tue: Da 
Costa 1979; Da Costa and Freeman 1985; Meylan 1988).
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The kinematical information may also shed light on the abundance anomalies. For 
instance, in co Centauri, Freeman (1985) suggests that the velocity dispersion falls off 
more rapidly with radius for the CN strong stars, as might be expected from the fact 
that these stars preferentially inhabit the inner region of the cluster. There is currently 
little theory to link kinematic and abundance anomalies. One possibility concerns 
angular momentum. Sweigart and Mengel (1979) show that meridional circulation 
currents, induced by rotation, may bring CN and ON cycle products to the stellar 
surface. Moreover, there is observational evidence to suggest that angular momentum 
may in some way be associated with the CN bimodality (Norris 1981; Suntzeff 1981). 
Norris (1987) has drawn attention to a correlation between cluster ellipticity and the 
ratio of CN strong to CN weak stars. Clusters with large observed ellipticities have 
large CN ratios; large ellipticities suggest significant rotation of the cluster which may 
be associated with a high internal stellar angular momentum which drives the mixing of 
CN processed material to the surface.
b) Dwarf Spheroidal Galaxies
Little is known about the kinematics of these systems. Due to their distance, even the 
brightest stars are only of 18th magnitude (Hodge 1971). The current situation is that 
velocity dispersions have been obtained for five galaxies, with an apparent trend of 
increasing M/L with decreasing luminosity (see Aaronson 1986; Kormendy 1987 and 
references therein). The dispersions have been derived from a relatively small number 
of objects (between 3 and 16), so that the statistical errors are large. The most 
luminous systems have M/L ratios similar to galactic globular clusters, while the 
smallest have ratios of order 50, suggesting that dark matter dominates in these systems 
(Freeman 1987; Kormendy 1987). Little in known, however, about the run of 
dispersion with radius, and whether there are significant amounts of dark matter in the 
more luminous dwarf spheroidal galaxies at large distances. Nothing is known about 
their rotation. Detailed knowledge of possible dark halos around these systems, and of 
their rotation properties, would provide important clues to their formation and 
subsequent evolution.
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IV. THE VALUE IN STUDYING POPULATION H SYSTEMS
The abundance variations within a cluster and its kinematic properties provide an 
excellent opportunity to test our understanding of stellar nucleosynthesis and evolution, 
as well as models of cluster self enrichment and dynamical evolution. As the stars of a 
globular cluster are probably coeval, the features evident in the color magnitude 
diagram should be due solely to differences in stellar mass and abundance. Spectrum 
analysis can provide information on the current surface abundance of stars, and the 
predictions of stellar evolution and nucleosynthesis models can be compared with the 
observed cluster features such as the shape and position of the main sequence turn off, 
the colour, slope, and tip luminosity of the giant branch, the luminosity of the 
horizontal branch, position of the RR Lyrae gap, and the relative numbers of stars at 
each evolutionary stage.
Studies of the kinematics of stars within individual clusters have led to the greater 
understanding of the dynamical evolution of stellar systems. Globular clusters and 
dwarf spheroidals are especially useful for this as they are relatively simple compared 
with multiple component systems such as spiral galaxies. At the same time, one can 
examine what relationship exists (if any) between the kinematical and abundance 
properties within a given system.
V. THE AIMS AND OUTLINE OF THIS INVESTIGATION
Population II systems display a variety of phenomena that are not yet fully understood, 
as discussed above. The work presented in this thesis is an attempt to address some of 
these problems by observing three systems: the galactic globular clusters co Centauri 
and 47 Tucanae, and the Fornax dwarf spheroidal galaxy. Each of these systems is, in 
at least one sense, of particular interest, co Centauri has a range in stellar abundance 
that is unmatched by any other globular cluster in the Galaxy. 47 Tucanae is the classic
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bimodal CN cluster. The Fornax dwarf spheroidal galaxy is the largest and most 
luminous of its class in the local group (Hodge and Michie 1969), is the only one to 
have its own globular clusters, has a significant population of younger (3 Gyrs) stars 
(Aaronson and Mould 1980), and has a wide giant branch indicating a range in 
abundance probably greater than 1 dex (Buonanno et al. 1985).
I will now discuss each system in turn and expand on the reasons for studying them.
a) coCentawi
The analyses of high resolution spectra by Cohen (1981) and Gratton (1982) indicate 
that there is a range in iron abundance of approximately 0.7 dex, and variations in the 
abundance of oxygen, sodium, calcium, magnesium, and s-process elements. The 
sites of primordial enrichment remain obscure however. Cohen (1981) suggested that 
the observed trends may be the result of enrichment by stars of high mass, which 
should produce large amounts of oxygen. More recently, from an analysis of low 
resolution spectra, Cohen and Bell (1986) proposed that there was significant degree of 
mixing to the surface of CN and ON process products. In order to investigate the self­
enrichment processes, a program was undertaken to determine accurate O abundances 
for a large number of stars in this cluster. At the same time, it was deemed important to 
obtain C and N abundances to shed further light on possible CN and ON mixing 
events, and on Na, Fe, Ba and other elements which might clarify possible primordial 
processes.
This investigation is presented in Chapter II.
b) 47 Tucanae
Analyses of C and N abundances in (CN strong)/(CN weak) pairs of stars show that 
the depletion in C and enhancement in N in the CN strong stars with respect to the CN 
weak objects is consistent with it being the result of mixing CN processed products to 
the stellar surface in the CN strong stars (Norris and Cottrell 1979; Norris and 
Freeman 1982; Norris, Freeman, and Da Costa 1984). The correlation between CN
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band strength and the line strength of Na suggests, however, a primordial cause, as 
does the observation of C and N variations at the main sequence turn off (Bell et al. 
1983). The observation of a possible radial gradient in the CN band strength (Norris 
and Freeman 1979) is important in that such a gradient would be unlikely to result from 
purely post cluster-formation processes. The existence of the gradient has been 
questioned however (Hartwick and McClure 1980). The level of statistical significance 
claimed by Norris and Freeman (1979) is 5%. High resolution spectra of stars in 
previously unobserved regions, 215 < r < 6' and r > 17', were obtained so that the CN 
distribution could be mapped across the whole cluster and the existence of this CN 
gradient investigated. An extensive program of photographic photometry was 
therefore undertaken to identify cluster members beyond half the tidal radius. Radial 
velocities were also obtained for the stars in the previously neglected outer region so as 
to compare the kinematics of the CN strong and weak groups.
This work is presented in Chapter III.
c) The Fornax Dwarf Spheroidal Galaxy
The relationship between dwarf spheroidal galaxies and other types of systems, dwarf 
irregulars, ellipticals, and globular clusters is not clear. Little is known about its 
formation and evolution. It has been conjectured that dwarf spheroidal galaxies may 
have evolved from dwarf irregular systems that were stripped of gas (Lin and Faber 
1983; Kormendy 1985). Similarly, the existence of a dark halo around Fornax is 
unclear. A two-pronged program was undertaken to investigate the formation and 
evolution of this system. First, it was deemed important to establish the true intrinsic 
abundance spread, and search for possible radial abundance gradients, by deriving 
photographic photometry for a large number of stars from a blue and red plate pair that 
had been taken on the Anglo Australian Telescope. Knowledge of these would help 
constrain models of formation and chemical self-enrichment. This project is as yet 
uncompleted. From it, however, the third component of this thesis developed. This 
was to determine the kinematical parameters of this system: the run of velocity
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dispersion with radius, and the systemic rotation, neither of which was well defined. 
The velocity dispersions can be compared with the predictions of appropriate models, 
and so provide information on the dark matter content. The dwarf irregular hypothesis 
can be tested by comparing the observed rotation of the dwarf spheroidal galaxy with 
that expected of a system that has evolved from a rotating dwarf irregular. Because it is 
the most massive dwarf spheroidal in the local group it is the most promising candidate 
for this research. It has enough bright giants to obtain the velocity dispersion profile, 
and would be expected to show the largest rotational velocity if the dwarf irregular 
hypothesis is correct
This latter project is presented in Chapter IV.
Finally, a summary of this thesis and a discussion of future work is presented in 
Chapter V.
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CHAPTER 2:
The Giant Branch of Omega Centauri. III. 
C, N, O and Heavy Element Abundances 
for 15 Red Giants
G. paltoglou and John e . norris
Mount Stromlo and Siding Spring Observatories 
Institute of Advanced Studies 
The Australian National University
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L ABSTRACT
We have obtained high resolution spectra for fifteen red giant stars in the Galactic 
globular cluster co Centauri. From these data we have derived abundances for a variety 
of elements including C, N, O, Na, Fe, and Ba. Our basic conclusions are :
1) There is a range in iron abundance, of order 0.6 dex, as has been reported by 
other workers.
2) Our data provide conclusive evidence for the mixing of CN- and ON-cycle 
processed material to the surface of globular cluster red giants.
3) As with all other clusters which show a range in nitrogen abundance, [Na/Fe] 
appears to be positively correlated with [N/Fe]. We find also that the largest 
sodium enhancements are associated with carbon and oxygen depletions. This 
suggests that sodium enhancement is linked to phenomena which drive mixing. 
An enhanced nitrogen abundance, however, is not a sufficient condition for the 
occurrence of sodium enrichment. The origin of the sodium enhancements, 
primordial and/or evolutionary, is not clear.
4) The alpha process elements silicon and calcium are both overabundant with 
respect to oxygen and iron, and our data corroborates previous work indicating a 
correlation between [Ca/Fe] and [Fe/H]. In stars that have not undergone 
mixing, we find that O is less overabundant than Si and Ca.
5) The s-process elements zirconium, barium, and lanthanum are generally 
overabundant for the stars in our sample. [Ba/Fe] increases steeply with 
increasing iron abundance, suggestive of a primordial origin for much of the 
enhancement. We find no correlation between the behavior of [s/Fe] and that of 
the CNO group. If the s-process enhancements are related to mixing 
phenomena, the enrichment pocess is unconnected with that which leads to the 
observed CNO variations.
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The large enhancements in oxygen that one might expect from Type II supemovae 
enrichment are not seen in our data, indicating that these objects have not been the most 
important source of element enhancement in co Cen. Nomoto et al. (1984) show that 
carbon deflagration supemovae may eject significant quantities of Fe, Ca, Si, and O, as 
well as s- and r-process elements. We believe that points 1), 4), and 5) above are more 
adequately explained as the result of enrichment by such objects.
IL INTRODUCTION
It is well established that there exist star to star variations in element abundances within 
all globular clusters of the Galaxy that have been studied, in particular with respect to 
carbon and nitrogen (for reviews of globular cluster abundance variations see Kraft 
1979; Freeman and Norris 1981; and Smith 1987). As well, it is apparent that there 
are intracluster variations in the elements Al and Na (e.g. Peterson 1980; Cottrell and 
Da Costa 1981; Cohen 1981; Norris and Smith 1983) and that these variations are 
correlated with variations in nitrogen. A complex model of mixing events (where 
carbon and possibly oxygen are burned via the CN and ON processes, and then 
brought to the stellar surface) and primordial variations in sodium, N and/or C have 
been invoked to explain the observations ( see e.g. Carbon et al. 1982; Norris and 
Pilachowski 1985).
It is apparent, however, that virtually all clusters show no star to star variations in the 
iron peak elements. The exceptions to this are co Centauri and (to a lesser extent) M22. 
Not only do the red giants in these systems have cyanogen variations more extreme that 
those in other clusters (Norris and Smith 1981) but co Cen in particular possesses large 
variations in many heavy elements. Early photometric studies indicated that this cluster 
has an anomalously wide giant branch (e.g. Cannon and Stobie 1973), indicative of 
variations in iron abundance (or at least of a variation in the abundance of the electron 
donors in the stellar envelope), while numerous peculiar stars were identified (Dickens 
and Bell 1976; Bessell and Norris 1976 and references therein). High resolution
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spectroscopic analysis of stars within this cluster by Cohen (1981), Mallia and Pagel 
(1981), and Gratton (1982) indicate that [Fe/H] has a range of approximately 0.7 dex, 
while other elements such as sodium, calcium, magnesium and s-process elements 
(e.g. zirconium and barium) show similar and possibly greater variations. It is well 
known that iron cannot be synthesized in the low mass giants that exist at present, and 
presumably primordial events (that is, events occurring within, say, the first 109 years 
of the life of the cluster) have produced the observed iron variations.
Little is known, however, of the sites of primordial enrichment processes in this 
cluster. Stars of differing mass will favor the production of different elements (for 
example carbon burning will produce Na, Mg, and Al, while oxygen burning produces 
Ca and the Fe peak nuclei; see for example Arnett 1971, and Arnett and Thielemann 
1985). As a closed system, formed at a well defined epoch and exhibiting a wide 
range in chemical properties, yet having all of its brightest stars in a similar stage of 
evolution, co Cen presents (potentially at least) a unique astrophysical laboratory to 
study and place constraints on the masses of the first generation of stars that enriched 
the gas cloud.
Cohen (1981) and Gratton (1982) have attempted to interpret their data within the 
framework of primordial enrichment. In order to explain the high neutron excess 
suggested by the abundance patterns of ROA 253 ([Al/Fe] = +1.43 and [Na/Fe] = 
+0.75) Cohen conjectured the need for stars more massive than 12M0 . Such stars 
would also produce copious amounts of oxygen (cf. Audouze and Tinsley 1976, 
Figures 2 and 3), yet the relatively unenhanced oxygen abundance of this star (Cohen 
finds [O/Fe] < 0.24) does not support the hypothesis, pointing instead to perhaps 
intermediate mass stars (5M0 < M < 10Mo , hereafter IMS). In their asymptotic giant 
branch (AGB) phase these objects can produce enhancements of Al and Na (Iben 
1975, 1976; Cottrell and Da Costa 1981). The more recent work of Cohen and Bell 
(1986), however, shows that this is not the only possibility. From an analysis of low 
resolution spectra and intermediate band photometry of the infrared CO bands they 
suggest that substantial mixing to the surface of the products of both CN and ON
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processing occurs in many of the stars in co Cen, including in particular ROA 253. As 
a result, the original oxygen content of this star would be depleted, masking any 
primordial enhancement
It is clear, then, that oxygen is one of the key elements for an understanding of the 
chemical history of co Cen. Depletions of this element may be taken as unique 
indications of the mixing of ON processed material, while in contradistinction oxygen 
enhancements signal its production by a primordial generation of stars more massive 
than 10Mo . Direct determination of oxygen abundances is, however, made difficult 
by two factors. First, the only features in the visible region of the spectrum arising 
from oxygen are the forbidden lines of OI at M.6300.3 and 6363.8Ä which have 
strengths of the order of 10-60 mÄ in globular cluster giants. Second, in the 
atmospheres of such cool stars oxygen is tied up in CO, and simultaneous 
determination of C and O abundances is necessary. These difficulties notwithstanding, 
we initiated an observational program in 1982 with a view to obtaining accurate oxygen 
abundances for a large number of giants in co Cen, in an endeavor to capitalize on the 
unique role of this element. At the same time we wished to determine the abundances 
of C, N, Fe, Na, Ba and as many other heavy elements as practicable.
This paper is divided into 6 sections. In § II we present our photometric and 
spectroscopic data. In § IE we discuss and tabulate the atmospheric parameters for our 
stellar sample, along with a description of the spectroscopic analysis used to determine 
abundances. A table of final abundances is included in this section. The errors 
inherent in our analysis are elaborated upon in § IV. The abundance trends and 
peculiarities indicated by our data are discussed in § V. Finally, some implications of 
our results and a discussion of the roles of mixing and primordial events concerning 
the chemical evolution of co Cen are presented in § VI.
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HL OBSERVATIONS
a) Program Objects
A large number of red giants has been observed in previous investigations of co Cen 
and these results have guided our initial choice of stars. We chose stars that have a 
variety of abundance patterns and it should be emphasized that our selection is heavily 
biased toward stars with abundance peculiarities and our sample is not representative of 
the abundance distribution of this cluster. The list of Persson et. al. (1980, hereafter 
PFCAM) and the work of Bessell and Norris (1976) provided us with a table of CO 
and CN indices from which we chose stars of differing CO and CN strengths. As 
well, stars that were peculiar with regard to other elements were also chosen. As the 
determination of O abundances was of primary importance in this work, it was 
necessary to observe stars high on the giant branch ( hereafter GB) as spectrum 
synthesis showed that the strength of the 01 lines at M.6300.3 and 6363.8Ä decreased 
with increasing temperature. At the same time we wished to avoid stars located at the 
tip of the GB as the possibility exists that these stars could be variables. Our 
observations were made on the Anglo-Australian Telescope (AAT) with the Royal 
Greenwich Observatory (RGO) spectrograph and the Image Photon Counting System 
(IPCS) first with a long slit setup, which provided us with our major candidates, and 
then with the fiber optic aperture plate setup, which allowed us to observe 45 stars 
simultaneously, in the hope that this would give us the widest possible coverage. 
Unfortunately as will be discussed later, the latter setup proved unsatisfactory and few 
data were collected in this manner. Table 1 lists previously published data for the stars 
in our sample. In order to check our analysis we obtained a spectrum of a  Boo. We 
also observed co Cen ROA 58 (here and in what follows we use the nomenclature of 
Woolley et al., 1966), which has been studied by two other observers, and star A59 in 
NGC 6572, a cluster homogeneous with respect to the iron peak elements and for 
which abundance determinations have previously been published.
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O m ega C entauri
TABLE 1
D a ta  F o r  lj C e n t a u r i  S t a r s
ROA #
(1)
Voa
(2)
(B-V)o-
(3)
(V -K V
(4)
R(V-K)6
(5)
CO Groupc 
(6)
Peculiarities
(7)
42..... 11.12 1.44 • • . • • • • • •
43.... 11.30 1.60 3.60 0.23 L vard
53..... 11.24 1.59 3.62 0.21 L var^
58..... 11.30 1.31 3.14 0.13 U
84.... 11.53 1.55 3.68 0.34 L Ba IP
94..... 11.44 1.25 • • • • • • • • •
100.... 11.46 1.42 • .  • • • • • .  • CNe
131.... 11.58 1.10 • •  • • • . • • •
132.... 11.56 1.53 3.72 0.36 L var-f
139.... 11.62 1.41 3.71 0.25 L CN5
144.... 11.63 1.48 • • . • • • • • •
150.... 11.67 1.59 3.53 0.37 W CN5
161.... 11.63 1.28 3.03 0.20 L
182.... 11.76 1.35 • • • • .  • • • .
371.... 12.34 1.49 3.45 0.61 W Ba II,Sr IP; var ^
NOTES: a Vo and (B-V)0 from PFCAM, except ROA 42, 100, 132, 144, 182 from ROA 
catalogue (Woolley ei al., 1966) , with (B-V)o decreased by 0.07 mag (see Cannon and 
Stobie 1973), and ROA 139 from Bessell and Norris 1976.
6 (V-K)o and R(V-K) from PFCAM.
c from Cohen and Bell (1986): L large CO; W weak CO; U CO classification of this 
star not possible.
d var: mildly variable (Cannon and Stobie 1973) 
e Dickens and Bell 1976. 
f  var: mildly variable (Lloyd-Evans 1977).
9 CN strong star from Bessell and Norris 1976.
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We made the most efficient use of our limited telescope time by choosing stars from 
our list of interesting objects that had nearby bright companions, found 
serendipitously, as charted on the ROA atlas of co Cen (Woolley ex al. 1966). Only by 
observing stars simultaneously, through the expedient of rotating the spectrograph slit 
has this project become feasible for us.
b) Photometry
In abundance determinations it is important to have accurate effective temperatures, 
r eff. Our values are based on the (V-K)0 and r eff values of PFCAM. To supplement 
their values we undertook a photometric program using the 0.6-m telescope on Siding 
Spring Mountain using a Varian photocell having an InGaAsP cathode. Rather than 
observe in the V and K bands, we observed in V and through an interference filter 
centered at 1.05fi and having a bandpass of 0.08|i FWHM, to obtain (V-lji)i colors. 
By observing stars included in the PFCAM survey, a relationship was established 
between (V-lp.)i and (V-K)0 (and therefore Teff). Figure 1 shows our calibration, 
while columns (2) and (3) of Table 2 contain (V-lji)i and our adopted values for Teff. 
PFCAM have estimated that their temperatures are accurate to 50°K and as our 
temperatures are tied into the (V-K)0 system, we believe that our error in Teff is similar. 
Naturally, should the temperatures be systematically in error, then our abundance 
determination will be affected, but the star to star differences should be relatively 
unchanged.
The DDO photometric index C(4142) measures the strength of the CN band at Ä.4215Ä 
with respect to the adjacent continuum at X.4100Ä, and has been widely used for both 
halo field and globular cluster stars. Many of our stars already have C(4142) indices, 
and we completed the list for our stars by observing on the 2.3-m telescope on Siding 
Spring Mountain. 5C(4142) is a measure of the cyanogen band strength independent 
of magnitude on the GB and is defined as the distance a star falls above the line defined
22
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Figure 2.1: Instrumental (V-ljJ.) colors plotted against effective temperature for stars in 
common with PFCAM.
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Om ega C entauri
TABLE 2
P a r a m e t e r s  F o r  lo C e n t a u r i  St a r s
ROA #
( 1)
(v-i/Oi
( 2 )
T
(3)
log g 
( 4 )
C ( 4142)
(5)
<5C ( 4142)
( 6 )
References
(7)
42 ....... -.24 4150 0.5 0.32 0.18 2.3
43 ....... -.01 3950 0.4 0.34 0.18 B
53 ....... 0.04 3950 0.4 0.24 0.07 B
58 ....... -.20 4200 0.6 0.21 0.07 B
84 ....... 0.13 3900 0.5 0.30 0.13 2.3
94 ....... -.28 4200 0.7 0.15 0.01 2.3
100 . . . . -.32 4150 0.7 0.51 0.37 2.3
131 . . . . -.25 4150 0.8 0.13 0.01 2.3
132 . . . . 0.13 3900 0.5 0.22 0.05 U
139. . . . -.25 4150 0.8 0.39 0.25 B
144 . . . . -.30 4200 0.8 0.33 0.19 2.3
150 . . . . 0.02 3950 0.6 0.45 0.29 B
161 . . . . -.32 4250 0.8 0.14 0.01 U
182. . . . -.30 4200 0.9 0.23 0.09 U
371 . . . . 4000 0.9 0.46 0.30 U
References -  (B) Bessell and Norris (1976).
(2.3) data obtained on 2.3-m on Siding Spring Mountain during 1986. 
(U) C(4142) determined from spectra (Norris, unpublished).
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by Bessell and Norris (1976, see their Figure 5). Columns (5) - (7) contain C(4142), 
8C(4142) and source material respectively. We shall use these data in §V a.
c) Spectra
Spectra were obtained in two modes. The first utilized the AAT in combination with 
the RGO spectrograph in long-slit mode and the IPCS. Observations using this setup 
were carried out on the nights of 1982 June 19, 1984 April 13/14, and 1986 April 
13/14. As well as coping with the vagaries of the weather, on one run we had to 
contend with the loss of primary mirror coating, the result of mercury leaking from the 
secondary cell. The second setup used the AAT in combination with the RGO 
spectrograph , the FOCAP fibre aperture plate system with 200)1 fibres and the IPCS. 
For unknown reasons the response of this system was below expectations. Two half 
nights on 1985 May 27 and 29 produced minimal results, and we reverted back to our 
original setup for our final run in 1986. Useful spectra for only ROA 94 and ROA 131 
were obtained with this setup.
In the long slit mode our observations were carried out at three wavelength regions: 
M.6110 - 6270Ä in order to obtain lines for Na, Ca, Zr, Ba and Fe; M.6260 - 6420Ä 
for lines of O and Fe; and M.4210 - 4330Ä for the CH band at 4320Ä. We obtained a 
resolution of 0.4Ä FWHM for the CH band spectra and 0.3Ä for the red spectral 
regions. When using the fibre plate setup, we observed only at one wavelength 
setting, centered on 6330Ä and covering 85Ä.
Exposures of between 4000 and 6000 seconds were needed for the regions around 
6300Ä and the resultant spectra had in excess of 500 counts per 0.12Ä pixel in the 
regions of continuum. Such long exposures were needed in order to record the very 
weak OI lines, in many cases expected to be less than 20mA. Shorter exposures of 
1000 seconds were sufficient for the CH spectra for which we obtained approximately 
200 counts per 0.08Ä pixel in the continuum.
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In order to measure the equivalent width of the lines in the red spectra, we first 
estimated a continuum for each. Recourse to the Arcturus spectral atlas (Griffin 1968) 
enabled us to identify areas of continuum. A smooth curve was then fitted through 
these areas on our observed spectra. Each spectrum was wavelength calibrated. In 
order to help us identify useful lines, a high signal to noise spectrum was produced by 
summing all our individual spectra together. While abundances cannot, of course, be 
determined from such a spectrum, its high signal to noise allows unambiguous 
identification of possible spectral features.
We would like to note here that Gratton (1982) has found abundances for Yttrium from 
the 6222.6Ä YI line. We were unable, however, to find this line either on individual 
spectra or on the summed spectrum. Inspection of the Arcturus atlas also failed to 
reveal a line at the designated wavelength.
The equivalent width of each line was measured using reduction packages at Mount 
Stromlo which fitted a gaussian curve to the relevant data points. This technique is 
perhaps not as accurate as measuring the lines by hand using a planimeter but is 
certainly much faster and, because of the large amount of data was the most practical. 
To test the method, equivalent widths of lines from our spectrum of a  Boo were 
measured using our line measuring program, along with the corresponding lines from 
the Griffin atlas using a planimeter. Figure 2 compares log(WiJX) for the two data 
sets. As can be seen, there is good agreement, with the values of log(W\ f k )  derived 
from our spectrum being larger by 0.08 than those derived from the Griffin atlas.
In order to further gauge the errors in the measurement of the spectral lines, we can 
compare the equivalent widths that we have measured for ROA 58 with those 
published by Cohen (1981) and Gratton (1982). We obtained spectra for this star 
centered on 6190Ä on 1982 June 19, and centered on 6320Ä on 1984 April 13. Figure 
3a  shows lo g (W ^ )  determined by Cohen (1981) for ROA 58 against our 
measurements. In Figure 3b we plot our values versus those obtained by Gratton 
(1982). Furthermore, we observed the star ROA 53 twice, once in 1984 and again in
26
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Figure 2.2: Values of log(WxA) for equivalent widths measured from the spectrum of 
a  Boo. We compare the widths measured from the Arcturus Atlas (Griffin 1968) with 
those from a spectrum obtained by the authors on the Anglo-Australian Telescope.
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Figure 2.3: Equivalent widths from the present survey for ROA 58 against those
measured by (a) Cohen (1981), and (b) Gratton (1982).
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1986. The comparison of log(WxA) for the two years in Figure 4 shows that our 
continuum fitting has been consistent.
Table 3 lists the measured Wx for each of our stars. Where we had only two or three 
lines for a given element (e.g. oxygen, zirconium) and if these lines were all too small 
to be distinguished in a spectrum with good signal to noise, we placed upper limits of 
20mA on each line* .
IV. ANALYSIS
a) Atmospheric Parameters
In analyzing the spectra, it is necessary to know the atmospheric parameters of each 
star: Teffi the surface gravity, log g\ the heavy metal abundance, [A/H]; and the 
microturbulent velocity §t. As described above, we obtained Teff from our photometric 
colors. Some workers have used plots of log abundance vs excitation potential, of 
the neutral iron lines to estimate 7eff. If the effective temperature is chosen correctly 
then the derived abundance should be independent of %. We have not adopted this 
approach as we believe that the r eff derived from our color index is sufficiently 
accurate.
Log g was obtained from the standard equation
g* M* T* L*
log— = log— + 41og——  log—  
go Mq 1 o Lq
* The 01 line at X6300.3Ä was ill-defined in our spectrum of ROA 150, and the equivalent u 
obtained, 43mA, was initially adopted as an upper limit. The abundance derived from this feal 
0.2 dex less than that from the >.6363.8Ä line. We have therefore adopted 43mA as the corre 
for this line in subsequent analysis.
29
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Figure 2.4: Log(WxA) for lines for two spectra of ROA 58 obtained by the authors in 
1984 and 1986. As can be seen, there is little offset between the two data sets, 
indicating a consistent placing of the continuum.
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where o implies the sun, and * the observed star. L is the stellar luminosity, and we 
have assumed M* = 0.8Mo . The adopted values are given in column (4) of Table 2. 
Bolometric corrections (BC) for our stars have been obtained from a calibration graph 
of BC vs r eff from data published in PFCAM. Gratton (1982) determined log g by the 
method of 'ionization equilibrium', which requires that the abundances of ionized and 
neutral lines of a given element be equal. We feel that there is no compelling reason to 
follow suit (see Pilachowski et al. 1983 for a further discussion on this point).
It is also possible to use the ionization equilibrium method to determine 7eff. We feel 
that this would be inappropriate for our data for two reason. First, we have very few 
ionized lines from which to establish a reliable abundance. Second, the data of 
Pilachowski et al. (1983) suggest that Teff derived from the above method produces 
systematic differences between the low and high ends of our temperature regime (see 
their Figure 3). As will be shown later (§V), we seem to be afflicted with a similar 
effect, and so we have not used this method as a test of Teff. Rather, we believe that 
our temperatures derived from infrared photometry are adequate and have chosen not to 
alter them.
b) WIDTH6 Analysis
Analysis of the spectra at 6150Ä and 6300Ä was achieved with the WTDTH6 fine 
analysis program of Kurucz (1970; see also Cohen 1978). Model atmospheres were 
interpolated from the grid of Bell et al. (1976). Microturbulent values of 1, 2, and 3 
km/s were initially used, as there has been some variation in the values found by other 
workers. Cohen (1981), in her analysis of co Cen stars used a value of 2 km/s for all 
stars including those for which a different value was indicated (see also Cohen 1980), 
while Pilachowski et al. (1983) found that 3 km/s was a good choice for all the stars in 
their sample. In contrast, Gratton (1982), when analyzing giants in co Cen, allowed ^  
to vary, settling on a value that eliminated any systematic dependence of derived
abundance on equivalent width. For our data, we obtained a discriminatory ability of 
0.25 km/s in the estimation of with this method. For all but two stars (ROA 43 and 
144) our value of was determined to be 2.5 km/s. For the two above-mentioned 
stars we felt that there was no reason to adopt a value different from that of the main 
body of stars and so even for these we adopted the same value. The effects of on 
the derived abundances will be discussed in § IV. An initial value of [A/H] = -1.0 was 
used for the model atmosphere. Successive iterations, culminating in a model [A/H] 
within 0.2 dex of the derived [Fe/H] were then made.
Our gf values were determined by performing an analysis of the sun using the same 
technique as for our program stars. Equivalent widths of the spectral lines in the 
Becker et al. (1976) solar flux atlas were measured and we adopted gf values that 
produced abundances equal to those published by Ross and Aller (1976). The 
resulting values of log gf are given in column (2) of Table 3.
Table 4a presents the derived abundances for the 15 red giants in co Cen. We note for 
completeness that there appeared to be a systematic difference between abundances 
derived from spectra obtained with this system and those obtained via the long slit 
mode of the AAT. For one star, ROA 94, we had also obtained a spectrum centered on 
6150Ä with the long slit setup, and the abundance derived from the Fel lines was 0.16 
dex higher for this spectrum compared with that from the fiber spectrum. We therefore 
decided to increase the abundances derived from lines measured from the fibre 
spectrum by 0.16 dex. For the other star, ROA 131, we did not have a spectrum using 
the long slit setup. The abundances derived from the fiber spectrum where increased 
by 0.2 dex. We suggest that the abundances for this star be treated with caution. We 
also note that the abundances of titanium and nickel for these two stars were derived 
from only one line each.
Our WTDTH6 analysis did not account for the formation of molecules and so the 
derived O abundances, which are affected by the formation of CO in these cool stars, 
will be an underestimate of the true value. By using the CH spectra, however, we
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were able to determine the true abundance of oxygen, as will be described in the next 
section.
c) Carbon and Oxygen Abundances
Analysis of the blue spectra was achieved with the Atlas code of Kurucz, previously 
modified by Cottrell to compute synthetic spectra for various molecular features 
(Cottrell and Norris 1978). Our method of abundance determination proceeded as 
follows. First, we produced a series of synthetic spectra of the CH band for each star, 
using the same atmospheric parameters as for our WIDTH6 analysis but using the 
derived WIDTH6 [Fe/H] abundance for the model [A/H] values. In most cases a 
series of nine spectra were produced for each star, the result of using 3 different O 
abundances (straddling the O abundance calculated by WIDTH6) and 3 C abundances 
(straddling the value of C we felt most appropriate). From these spectra we were able 
to determine the abundance of C that produced the best fit for a given oxygen 
abundance. These three pairs of values (i.e. for [C/Fe] & [O/Fe]) define a locus in the 
([C/Fe],[0/Fe])-plane. In some problematic cases synthetic spectra were computed for 
additional C and O abundances.
The 01 line at X6300.3Ä has been utilized in a similar fashion. For a given carbon 
abundance we computed synthetic spectra for a set of oxygen abundances in the region 
of this line, from which the equivalent width was computed, and hence a locus in the 
(Wjt,[0/Fe])-plane. A series of four such curves was produced for four carbon 
abundances as is demonstrated in Figure 5 for ROA 150. Comparison of the observed 
line strength (or its upper limit) with these data then yields a set of C, O values and a 
second locus in the ([C/Fe], [0/Fe])-plane.
An example of the C,0 abundance determination is given in Figure 6 for ROA 100. 
The flatter continuous line is the locus defined by the fit to the CH band, while the 
steeper continuous curve is determined from the 01 line strength (in the present case an
3 5
[O/Fe]
Figure 2.5: Log(Wx/X) (01 6300.3Ä) versus [O/Fe] for ROA 150. Lines a) 
through d) are theoretical curves for [C/Fe] = -0.6. 0.0, 0.3, 0.6 dex respectively. 
The horizontal line is for the measured equivalent width for this star of 43 mA.
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Figure 2.6: Loci of abundances derived from matching our synthetic spectra with the 
observational data ROA 100. The flat curve is that derived from the CH spectra, the 
steeper curve from the OI line at 6300.3Ä. The dashed line indicates the position of 
carbon-oxygen equiabundance for this star.
3 7
upper limit). While for all stars except ROA 371 we have observationally well defined 
CH bands, there are several (generally, as we shall see, those with strong CN bands) 
for which only upper limits to the 01 line strengths are available. For those in which 
01 is observed the intersection of the two lines yields the carbon and oxygen 
abundances, while for those for which 01 was not detected the intersection gives upper 
limits to these values. For the latter objects we then use the result that there are no 
carbon stars in the present sample, and hence the requirement that oxygen must be 
more abundant than carbon, to place a lower limit on the carbon abundance. In Figure 
6 the dashed line shows the condition of carbon, oxygen equiabundance. The 
intersection of this line with the CH locus yields lower limits to the carbon and oxygen 
abundances.
The CH spectrum for ROA 371 is of inferior quality. We were able to derive an 
estimate of the C and O abundances from this spectrum, [C/Fe] = -0.3 and [O/Fe] = - 
0.1, however, we feel that the accuracy of the carbon abundance is lower than for the 
rest of our sample.
Our abundances for these elements are presented in Table 4b. We have excluded 
carbon for ROA 371 because of its lower accuracy. In cases where only upper limits 
on the observed oxygen lines are available, the resulting limits of C and O are given.
d) Nitrogen
The majority of our blue spectra include the cyanogen bandhead at X4215Ä. We have 
used the spectrum synthesis code to fit this feature to yield nitrogen abundances, 
assuming the carbon and oxygen abundances determined in the preceding section.
To check the method we first compared the spectrum of yTau published by Gustafsson 
and Bell (1979) with the synthetic spectrum obtained for the C, N, and O abundances 
and atmospheric parameters of Lambert and Ries (1981). The fit suggested that the
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computed CN band was too strong. We have adopted the viewpoint that the source of 
the discrepancy probably lies in the f values adopted by Cottrell and Norris (1978), and 
have renormalized these values by a factor of 2 to enable a fit between observation and 
theory for yTau. The resulting comparison between observed and synthetic spectra is 
shown in Figure 7.
Then, given our adopted atmospheric parameters and carbon and oxygen abundances, 
it is a straightforward procedure to determine nitrogen abundances for the 11 stars for 
which we have appropriate spectra. Examples of the procedure are shown for three 
stars of different CN strength in Figure 8. Our results are presented in Table 4b. The 
CN data for ROA 371 was also of poorer quality and the abundance we have derived 
for nitrogen for this star, [N/Fe] = -1.0, should only be taken as a guide to the true 
value. We have not included the abundance for this star in Table 4b. We shall 
comment further on ROA 371 in § IV (c)
There are two comments which should be made on this technique. First, as may be 
seen from Figure 8a, the method loses sensitivity as [N/Fe] approaches 0. 
Observations of the intrinsically stronger violet CN bands at X3883Ä are better suited 
to nitrogen abundance determination in this regime. The second point concerns the CN 
strong stars, for most of which only limits for oxygen and carbon abundances are 
available. We find the somewhat surprising result that for the permitted range of C, O 
values the derived nitrogen abundances show little variation. (This results in large part 
from the fact that as the oxygen and carbon abundances are lowered towards equality 
the decrease in carbon available for the formation of CN is offset by there being less of 
it now tied up in the [dominant] CO molecule.) Thus, while we have only limits on O 
and C, we are able to derive actual nitrogen abundances.
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Figure 2.7: A comparison of the observed spectrum of yTau (from Gustafsson and 
Bell 1979; dashed line) in the region of the CN bandhead at ^.4216A, with the synthetic 
spectrum computed for atmospheric parameters and abundances given by Lambert and 
Ries (1981; thick line). See text for discussion.
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Figure 2.8: Comparison of observed (thick lines) and synthetic spectra (thin lines) for 
a) ROA 53, b) ROA 43, and c) ROA 100. In each panel the three synthetic spectra 
were computed for values of [N/Fe] given at bottom right.
V. ERRORS
Errors will be introduced into our results due to uncertainties in the model atmosphere 
parameters we have chosen. Pilachowski et al. (1983) have produced an extensive list 
of the effect that changes in these parameters (Ttff, log g, [A/H], %t) have on the 
derived abundance for each element. We have run similar tests and have found that, 
with our specific analysis, similar changes occur in our abundances. We do not feel 
justified in publishing these values as they are too similar to those of Pilachowski et al. 
and urge the reader to consult that work to obtain a feeling for the kind of errors 
inherent in this work. Suffice it to say here that we estimate our error in Teff to be 
50°K, 0.2 dex in log g, and 0.25 km/s in These errors will introduce errors of 0.1, 
0.1, and 0.1 dex respectively in [Fe/H], with an expected total error of 0.2 dex. We 
estimate that propogation of the errors will lead to uncertainties of 0.1, 0.1, and 0.2 
dex in our values of [C/Fe], [O/Fe], and [N/Fe], respectively.
In our analysis we have not attempted to account for non-LTE effects. This, along 
with other perturbations of the stellar atmosphere such as magnetic fields, boundary 
temperature differences, etc., may produce spurious results in the derived abundances. 
For perturbations that affect all stars, our star to star abundance differences should be 
unaffected, even though the absolute value of the abundance will be in error. For 
effects that only influence some stars, such as atmospheric restructuring due to 
abundance variations, both the absolute and relative abundances will be in error. The 
theories dealing with such phenomena are incomplete and we have chosen to ignore 
them until a more complete description is available.
It is also of interest to compare our abundances with the results of others. This is 
possible for ROA 58, A59 in NGC 6752, and a  Boo. In Table 5a we compare our 
results with those of Cohen (1981) and Gratton (1982) for ROA 58, where the 
agreement is in general quite satisfactory.
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TABLE 5a
A b u n d a n c e s  f o r  ROA 58
Element This Paper Cohen Gratton
0  I.... -1.37 -1.63 -1.4
Na L... <-1.42 -1.27 -0.9
Si L... <-1.14 -2.05 -0.8
Ca L... -1.46 -1.09 -1.2
Sca..... -1.37 -1.61 -1.3
Ti L... -1.23 -1.26 -1.1
V I..... -1.66 -1.70 -1.5
Cr L... -1.55 -1.96 -1.4
Fe L... -1.72 -1.82 -1.48
Ni L... • • • -1.69 -1.6
Zr L... <-1.67 -1.40 • • •
Ba II... -2.18 -2.07 -1.7
La II... <-1.73 -1.73 . . .
a average of Sei and Sell abundances
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Table 5b compares our data for A59 with those of Pilachowski ex al. (1983). For 
oxygen we have included, in parenthesis, their value for A31 since [O/H] for A59 is 
not available. Our adopted model atmosphere had parameters Teff/log g/[A/H]/^t = 
3950/0.4/-1.5/2.5 where the temperature and gravity were adopted following Frogel et 
al. (1983). Here too the agreement is quite good. We would note that at least part of 
the difference in [Fe/H] results from the fact the Pilachowski ex al. adopt an effective 
temperature 100°K higher than ours. Had we adopted their value our abundance would 
have been higher by 0.1 dex.
For a  Boo we analyzed the Griffin spectral atlas in a manner identical to that applied to 
the co Cen data. Atmospheric parameters for this star are still uncertain (for an 
enlightening discussion of the problems associated with abundance work, the reader 
should consult the article on the parameters of this stars by Trimble and Bell [1981]), 
but our adopted values were Teff = 4375°K (see also Frisk ex al., 1982), [A/H] = -0.5, 
log g = 1.5, = 2.0 km/s. Our derived abundances are compared with those of
Mäckle ex al. (1976) in Table 5c. The agreement is quite satisfactory. It is also worth 
noting that the scatter in the abundance derived from lines of Fe was quite small: from 
43 lines we estimate an error of a  = 0.13 dex per line.
As mentioned, O abundances are crucial to this project. We are fortunate in that we 
have two OI lines, >.6300.3Ä and >.6363.8Ä, that were strong enough to measure. 
For stars where both lines could be measured, the abundance of oxygen derived from 
the >.6363.8Ä line was within 0.2 dex of that derived from the >.6300.3Ä line for all 
but two stars. For the other two stars, the difference in the abundance derived from the 
two lines was less that 0.4 dex.
VL ABUNDANCE TRENDS
Tables 4a and 4b list our derived abundances for fifteen co Cen stars. Our data indicate 
a large spread in metallicity. [Fe/H] ranges from -1.28 dex to -1.91 dex. The star with
4 5
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TABLE 5B
A b u n d a n c e s  f o r  A59 in  NGC6752
Element This Paper Pilachowski e t  al.
0  L... -1.38 (-1.50)“
Na I... <-1.65 -1.08
Si I... -0.75 •  •  •
Ca I... -0.81 -1.03
Sc I... -1.64 -1.61
Sc IL. -1.19 -1.40
Ti I... -1.32 -1.15
V L... -1.62 -1.43
Cr I... -2.01 -1.55
Fe I... -1.65 -1.40
Ni I... -1.36 -1.50
Zr I... -1.59 -1.76
Ba IL. -1.42 -1.58
La IL. -1.02 -1.48
a An oxygen abundance for this star is not given. Instead we list their value for A31
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TABLE 5c
Abundances for Arcturus
E le m e n t T h is  P a p e r M äck le  et al. L a m b e r t  & R ies
C ...... -0 .92 -0.70 -0.62
0  L ... -0 .60 -0.60 -0 .27
N a  I... -0 .33 -0.45 • • •
Si I... -0 .23 -0.35
C a  I... -0 .27 -0.45
Sc I... -0 .60 -0.65
Sc IL . -0 .35 • • .
T i I... -0 .30 -0.40
V  L ... -0 .22 -0.55
C r I... -1 .00 -0.65
Fe I... -0 .64 -0.70
C o I ... -0 .30 -0.60
Ni I... -0 .57 -0.70
Z r I... -0 .92 -0.90
B a  IL . -1 .02 -0.95
L a  IL . -0 .63 -0.90
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the lowest metallicity is ROA 131. As mentioned above we only obtained data for this 
star during our FOCAP run and have no direct way to tie the abundance derived from 
this spectrum to those obtained via the long slit mode. Even if we exclude this star, we 
find a range in [Fe/H] of 0.45 dex.
PFCAM have defined a metallicity parameter R(V-K), which measures the position of 
a star on the giant branch relative to the fiducial giant branches of M92 and M71. 
Figure 9 is a plot of R(V-K) versus [Fe/H] combining the stars in our sample (filled 
circles) with those of Cohen (1981, open circles) and Gratton (1982, open squares). 
We have not included the CH star ROA 70. Lines connect data for the same stars. No 
corrections have been applied to the available abundances, and in contradistinction to 
the result of Gratton (1982) we see a fairly well defined positive correlation. When all 
data are included we find a least-squares line of best fit [Fe/H] = 0.64 * R(V-K) -1.75. 
We note that the abundances of Cohen appear systematically -0 .15  dex smaller than 
ours. The two uppermost stars in the figure are ROA 357 and 371, and for these it 
appears that R(V-K) has increased more than might have been expected from their 
derived [Fe/H]. We shall offer an explanation of this effect in terms of the abundance 
of Si in § IVb.
In Figure 10 we plot [Fel/FeEI] vs r eff for our stars, and include the data of 
Pilachowski et al (1983). Our data are plotted as filled circles, those of Pilachowski et 
al. as open circles. It is apparent that for temperatures below 4200°K the abundance 
derived from the ionized lines is larger than that derived from the neutral lines. For a 
discussion of this in terms of the effects of non-LTE the reader is referred to 
Pilachowski et al.
In the following sections we discuss abundance trends among the elements and 
comment on those that have been reported by other workers.
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Figure 2.9: R(V-K) from PFCAM against the corresponding [Fe/H] determined from 
high resolution analysis. Filled circles are for metallicities derived in this paper, open 
circles are from Cohen (1981), and open squares are from Gratton (1982). Lines 
connect data for the same stars. A positive correlation is evident. The data of Cohen 
appear to be 0.15 dex more metal poor for a given value of R(V-K) than the data of this 
paper. Note that ROA 371 has a value of [Fe/H] somewhat less than that might be 
expected from its value of R(V-K). We discuss this discrepancy in § VI (c). We find 
[Fe/H] = 0.64 * R(V-K) - 1.75.
4 9
4000 4200 4400
Figure 2.10: Effective temperature versus [Fel/Fell]. Data from this paper are plotted 
as filled circles, and the data of Pilachowski et al. (1983) as open circles. For 
temperature cooler than 4150°K, the iron abundance derived from singly ionized Fe 
lines is greater than that derived from neutral lines.
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a) The CNO Group
Figure 11a is a plot of [O/Fe] versus [C/Fe] for the 14 stars for which data are 
available. For simplicity we have plotted, as open circles, the midpoint of [C/Fe] and 
[O/Fe] for those stars for which a range is given in Table 4b. There is a very strong 
suggestion of a positive correlation between carbon and oxygen, and this, together 
with the fact that at low abundance both are subsolar relative to iron, suggests that 
CNO processing is the cause of the effect. This idea is strengthened by the dependence 
of [N/Fe] on [C/Fe] + [O/Fe] as shown in Figure 1 lb. (As in Figure 11a we plot, as 
open circles, the midvalue for [C/Fe] and [O/Fe] where applicable.) Here one has a 
clear negative correlation between [N/Fe] and [C/Fe] + [O/Fe]. The same effect is seen 
in Figure 12, which shows the dependence of the cyanogen index 5C(4142) on [C/Fe] 
+ [O/Fe]. Here too one sees a strong dependence of the cyanogen index, driven 
principally by differences in nitrogen abundance, on [C/Fe] + [O/Fe]. It is difficult to 
explain the strong correlation seen in Figures 1 lb and 12 in terms other than as a result 
of CN and ON processing.
To test this further we enquire what increase in nitrogen abundance would result if the 
relatively normal stars in Figure 11 with ([C/Fe], [O/Fe]) = (0.0, 0.4) had their carbon 
and oxygen depleted to yield values (-0.7, -0.7). If one assumes that the initial value 
for nitrogen were [N/Fe] = 0.0, one finds that the final value of [N/Fe] would be 1.3. 
It seems clear that given the uncertainties of the present analysis the data are quite 
consistent with CNO processing.
It is also important to note that our results are consistent with and support the results of 
Dickens and Bell (1976), who suggest a large nitrogen enhancement for ROA 100 (we 
infer a value between 1.0 and 1.6 dex from their Section IVb). Our data are also in 
close accord with the suggestion of Cohen and Bell (1986) that "the N enhanced stars 
have N/Z enhanced by a factor of 5 to 15, while both C/Z and O/Z are depleted by a 
factor which may be as much as 10." We would emphasize that this statement applies
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Figures 11 a and 11 b: The upper panel shows the positive correlation between the 
abundance of oxygen and that of carbon for the stars in our sample. Open circles 
indicate the midpoint of abundance for which only a range is known (see text). The 
lower shows the anticorrelation between the [N/Fe] and ([C/Fe] + [O/Fe]). An arrows 
indicates an upper limit. This diagram strongly suggests that CN and ON processing is 
occurring in some stars on the giant branch.
5 2
<o
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Figure 2.12: ([C/Fe] + [O/Fe]) versus against the 4200Ä CN band index 8C(4142). 
Open circles indicate stars for which an abundance range only is known. The greater 
the depletion of carbon and oxygen, the greater the value of the CN band index.
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to the most extreme group of stars on the giant branch (other than the CH stars). 
Specifically, we submit that the nitrogen enhanced group defined by Cohen and Bell 
(1986) contain only 2 from the total of 29 unbiased stars* in their sample.
To illustrate the large variations in O amongst the co Cen stars we show in Figure 13 
the spectra of two stars of similar effective temperature, gravity, and iron abundance.
The upper spectrum is of ROA 139 while the lower is of ROA 182 (readers who which 
to examine further spectra for 01 should see Figure 6 of Norris, 1987). The OI line at 
6300.3Ä for ROA 139 is too weak to be firmly identified and we have placed an upper 
limit of 20 mA on its strength. ROA 182, however, appears to have strong OI lines 
and we have measured this line as 79 mA. The CH band at 4320Ä, is illustrated for 
ROA 182 in Figure 14. Superimposed are spectrum synthesis calculations for three 
carbon abundances as identified in the diagram. This will give the reader a feeling for 
the sensitivity of our CH band synthesis. Our analysis of these data and the CH 
spectrum for ROA 139 shows that oxygen in this star is depleted by 0.85 to 1.55 dex, 
while carbon is depleted by 0.5 to 0.8 dex, relative to their values in ROA 182.
Examination of the CH band spectra for our stars shows that the strength of the band 
does not vary greatly from star to star. This echoes the results of Cohen and Bell 
(1986) who found that, within a given metallicity group, their index measuring the 
strength of the G band remained relatively constant regardless of what was happening 
to the CO and CN bands.
In their analysis of a group of globular clusters, Pilachowski et al. (1983) showed that 
their data were consistent with two populations of metal poor clusters. One group had 
a 'normal’ oxygen content ([O/Fe] -  0.3 dex), and in the other oxygen was deficient 
([O/Fe] ~ -0.3 dex). These authors argue that the oxygen depletions were not the result
* The Cohen-Bell sample is the same as that of PFCAM, which is an extremely biased s 
believe that the only stars which one may assume to form an unbiased group in the PFCAM 
are those labelled by an asterisk in Table 1 of Cannon and Stobie (1973).
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Figure 2.13: Spectra of the region around the 6300.3Ä OI line. The upper spectrum is 
of ROA 139, the lower curve ROA 182. These stars have similar values for Teff, log g 
and [Fe/H], yet the strengths of the OI lines differ dramatically. We find an equivalent 
width of 79 mÄ for ROA 182, and an upper limit of 20mÄ for ROA 132.
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Figure 2.14: Spectra around the region of the CH band head at 4300Ä for ROA 182. 
The thick line is the observed spectrum, while the thin lines are synthetic spectra 
determined with parameters from Table 1, with [O/Fe] = 0.8, and [C/Fe] = -0.4, 0.0, 
0.4 dex.
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of ON processing. We note for completeness that the oxygen rich stars in our sample 
have [O/Fe] reminiscent of the abundance of clusters with 'normal' oxygen 
abundances, while the oxygen poor stars have [O/Fe] similar to that on globular 
clusters with low oxygen abundances.
b) The Sodium - Nitrogen Connection
Recent work demonstrates the existence of a positive correlation between nitrogen 
abundance and the strength of the sodium lines in all globular clusters studied for the 
effect (Norris and Pilachowski 1985, and references therein). In Figures 15a, 15b, 
and 15c, which show [Na/Fe] versus [C/Fe], [O/Fe], and [N/Fe] respectively, we 
attempt to address this question in co Cen. We discern from these data that an enhanced 
sodium abundance appears to occur only when carbon and oxygen are depleted and 
nitrogen enhanced. It is not true however that enhanced nitrogen is a sufficient 
condition for the enhancement of sodium. In the present case we find stars ROA 42 
and 144 to have [N/Fe] = 0.6 and 1.1 dex respectively, but [Na/Fe] = 0.31 and < 0.4 
dex respectively.
c) Sodium - Calcium 
i) Sodium
Gratton (1982) has suggested that there is a correlation between [Na/Fe] and [Fe/H]. 
We plot our values for these two quantities in Figure 16. While our abundances 
provide little support for a possible gradient, they do not cover a sufficient range in 
[Fe/H] for us to make a firm statement, and further metal poor and metal rich stars need 
to be observed. What is apparent is that for the stars in our sample sodium is 
overabundant relative to iron by at least 0.2 dex for all stars, and that for ROA 371, an 
s-process star (Dickens and Bell 1976), this element is overabundant by 1.2 dex. In
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Figures 2.15 a, b, c: The behavior of sodium with respect to the CNO group. It is 
apparent that stars with enhanced sodium always have enhanced nitrogen, and depleted 
oxygen and carbon. It is not true, however, that a star which has enhanced nitrogen 
will necessarily have an increased sodium abundance.
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Figure 2.16: No trend is discemable from our data in this plot of [Na/Fe] versus 
[Fe/H], in contrast with the results of Gratton (1982) who has suggested that a positive 
correlation exists (we exclude ROA 371 from this statement as the abundance 
peculiarities of this object clearly distinguish it from the rest of our sample). We 
caution that a further sample of metal poor stars in co Cen must be observed before a
definite conclusion can be drawn.
order to avoid confusion, let us recall a bit of nomenclature here. We define a star to 
be overabundant in element M if [M/Fe] > 0.0 dex, and overdeficient if [M/Fe] < 0.0 
dex. ROA 132 has the lowest abundance of sodium, with [Na/Fe] = 0.21 dex. The 
range in [Na/Fe] is approximately 0.5 dex, excluding ROA 371.
ii) Silicon
In a plot of [Si/Fe] against [Fe/H] (see Figure 17) we again see that ROA 371 has the 
largest overabundance of the stars in our sample, with ROA 132 again having the 
lowest abundance, [Si/Fe] < 0.23. For this star, no lines were strong enough to be 
identified and we placed upper limits of 20mÄ on them.
Excluding the two stars mentioned, there is a general overabundance of 0.8 dex for 
silicon with no apparent trend with [Fe/H]. The two stars at the metal rich end of our 
plot show larger scatter than those at the metal poor end, but the results for these 
objects are somewhat uncertain and our data argue for only a small intrinsic spread in 
abundance. Both Cohen and Gratton find Si overabundant. Cohen finds <[Si/Fe]> ~ 
0.25, with the metal rich stars in her sample enhanced by 0.2 dex compared with the 
metal poor stars. Gratton finds <[Si/Fe]> ~ 0.65, and his data also suggest a similar 
silicon enhancement in the metal rich stars. Luck and Bond (1985; hereafter LB) have 
reported that Si is overabundant by an average of 0.25 dex in halo giants (their data 
suggest a possible anticorrelation between [Si/Fe] and [Fe/H], reminiscent of the 
behavior of calcium).
iii) Calcium
Calcium shows a definite overabundance (see Figure 18), and moreover there is a 
possible weak trend with metallicity. Again ROA 371 has the greatest overabundance, 
though for Ca it is not so extreme, while ROA 132 shows no peculiarity. It has been 
reported that this element has a larger spread in abundance than can be explained by 
errors alone (Cohen 1981). Our data support this conjecture, with a range in 
abundance of 0.6 dex for fourteen stars. Furthermore, we see weak evidence for a
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Figure 2.17: [Si/Fe] vs. [Fe/H]. for the data of this paper. There is no evidence of a 
correlation between these quantities. ROA 371 has the greatest overabundance, while 
the value for ROA 132 is an upper limit.
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Figure 2.18: [Ca/Fe] vs [Fe/H] for the data of this paper. Note that a positive 
correlation is strongly suggested by the data. Such a correlation is in the opposite 
sense to that found for halo giants (LB).
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gradient with [Fe/H], in agreement with Cohen who found a 0.2 dex enhancement in 
stars with larger [Fe/H]. This gradient is in the opposite sense to that found in the 
halo. While LB find a general overabundance of 0.4 dex, increasing from a solar value 
at [Fe/H] = 0.0 to 0.4 dex at [Fe/H] = -1.0, we find [Ca/Fe] possibly decreasing as 
[Fe/H] decreases. The mean value for [Ca/Fe] is 0.6 dex from our data, 0.7 dex from 
Cohen and 0.4 dex from Gratton.
iv) Scandium
As we have only one line for Scl and three for Sell we have chosen to average the two 
abundances for this element where possible. We found reasonable agreement between 
the two values, the difference being greater than 0.4 dex for only three stars (ROA 
139, 150 and 182). Scandium is overabundant with respect to iron by 0.2 dex. Cohen 
and Gratton find 0.4 and 0.35 dex respectively. The former also suggests that a 
positive correlation exists between [Sc/Fe] and [Fe/H], though our data do not support 
this.
d) Iron-peak elements: Titanium through Nickel 
i) Titanium
Titanium exhibits a general overabundance of 0.3 dex. There appears little evidence of 
an intrinsic scatter from our data beyond that produced by abundance errors. Cohen 
finds <[Ti/Fe]> ~ 0.6 dex and Gratton finds <[Ti/Fe]> ~ 0.4 dex. For the field halo 
giants LB find <[Ti/Fe]> ~ 0.15 dex.
ii) Vanadium
Excluding ROA 371, our data show a spread in abundance of 0.6 dex, with a mean 
overabundance of 0.22 dex. This compares with a mean of 0.25 dex from Cohen 
(1981) and 0.7 dex from Gratton (1982). Both these authors find a similar spread in
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abundance to this paper. Our results were generally determined from a substantial 
number of lines (usually greater than six well identified lines), and the magnitude of the 
abundance range would suggest a possible intrinsic spread. We find no indication of a 
correlation with [Fe/H]. ROA 371 has the largest overabundance of the stars in our 
sample, with [V/Fe] = 0.62.
iii) Chromium and Cobalt
With abundances for these elements based solely on one line, the derived abundances 
should be treated with caution. Cr is on average underabundant by 0.25 dex, while Co 
may be slightly overabundant. There is a large spread, 1.0 dex, in [Co/Fe]. Cohen 
and Gratton find Cr slightly overabundant, with spreads of 0.75 dex and 0.65 dex 
respectively. For Co, the overabundances are 0.3 and 0.4 dex respectively, with 
spreads of 0.1 dex and 0.6 dex. LB find close to solar ratios for these elements in the 
halo stars.
iv) Nickel
Ni shows a possible small overabundance ( of 0.05 dex) and little intrinsic spread. For 
twelve stars [Ni/Fe] has a range of 0.4 dex. For Cohen <[Ni/Fe]> is 0.2 dex, while 
for Gratton it is 0.05 dex. At this metal abundance nickel in cu Cen behaves as in the 
field halo giants analyzed by LB.
We may summarize the present results by stating that in general, the iron-peak elements 
appear to behave in much the same fashion as in the field halo giants with comparable 
metallicity.
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e) s-Process Elements
We were able to measure lines of the s-process elements zirconium, barium and 
lanthanum. For zirconium we had three weak lines and, in general, agreement between 
abundances determined from the three lines is very good. Barium was determined 
from the strong ionized line at ^.6141.7A. This line is sensitive to the adopted 
microturbulence. In an extreme case a change of 1 km/s may produce an abundance 
change of up to 0.7 dex depending on the stellar parameters. Our results for lanthanum 
are based on one line only at >.6390.5Ä.
i) Zirconium
Zirconium seems generally overabundant. In some stars this may be as much as 0.6 
dex, while only two stars are slightly overdeficient. The range in [Zr/Fe] abundance is 
0.7 dex, and we feel that it is very likely that this is an intrinsic spread. [Zr/Fe] = 0.0 
for halo stars with [Fe/H] > -1.5, and decreases monotonically for [Fe/H] < -1.5 (LB). 
The co Cen stars in our sample appear to be overabundant in Zr with respect to the halo 
stars and other globular clusters (see Pilachowski et al. 1983) at a similar metallicity. 
No gradient is evident in our data.
ii) Barium
Figure 19 shows the dependence of [Ba/Fe] on [Fe/H]. It is apparent that there is a 
large spread, about 1.2 dex, in the barium abundance, and that this element is 
overabundant for the majority of stars. There is a positive correlation with metallicity. 
The data of Cohen agree well with that of the present work, while that of Gratton show 
a large amount of scatter. The broad change in [Ba/Fe] is from -0.3 dex at [Fe/H] = - 
1.75 to 1.1 dex at [Fe/H] = -1.25 dex. While the data imply increasing over­
enhancements with increasing metallicity, the large abundance variation at a given 
[Fe/H], perhaps 0.5 dex, helps to mask the exact nature of any trends.
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Figure 2.19: We plot [Ba/Fe] versus [Fe/H]. The position of ROA 144 is plotted for 
= 2.5 km/s. The line indicates how the position of this star would change if a 
microturbulence value of 2.0 km/s were adopted. A strong correlation can be seen 
suggesting that the Ba enhancements are substantially primordial in origin.
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As mentioned above, the barium abundance is sensitive to the adopted and this 
spread may be due to the errors in our analysis alone and not to an intrinsic spread at a 
given [Fe/H]. If we have systematically underestimated we will have overestimated 
the Ba abundance. A change of 1 km/s of would result in a change in [Ba/Fel of 
approximately -0.3 dex. It would thus require an unacceptable increase in to 
remove the overabundance seen in CD Cen stars. Similarly, plausible errors in T ^and  
log g will not produce such overabundances. We note too that changing does not 
significantly alter the zirconium abundance, which we also find to be generally 
overabundant. Thus, increasing will increase [Zr/Fe]. We conclude that the s- 
process enhancements we see are not due to errors in our atmospheric parameters.
ROA 144 appears to have low Fe abundance for its barium content. Although we 
adopted a microturbulent value of 2.5 km/s for this star, it was apparent from a plot of 
log Wx vs abundance for the Fe lines that a value of 2.0 km/s was more appropriate. 
For 5t -  2.0 km/s we find [Fe/H] = -1.53 and [Ba/Fe] = 0.80. These values would 
bring this star into line with the rest of our sample, as is shown in Figure 19 by the 
solid line.
The present behavior of barium is reminiscent of, but different from, that observed for 
other halo objects. The trend of a positive correlation of [Ba/Fe] with [Fe/H], 
indicative of a secondary production of barium, seems also to exist for a large 
proportion of halo objects, but in general barium is relatively underabundant for this 
population (LB; Spite and Spite 1978; Pilachowski et al. 1983; Spite 1983; Barbuy 
1985; Bessell and Norris 1984). The observed trend in co Cen, if substantiated by 
future investigations, could provide an important constraint on the interpretation of 
element synthesis in this cluster.
Bessell and Norris (1976) noted that the strength of the Ba II line at 4554.4Ä correlated 
with the strength of the CN bands. They interpreted this as evidence for deep mixing: 
when fresh surface H is introduced into a He burning region, 13C is produced, 
resulting in the release of neutrons via the reaction 13C(oc,n)160 , which are then free to
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produce Ba from seed 56Fe nuclei. Mallia and Pagel (1981) and Gratton (1982) also 
suggested that mixing is behind the Ba enhancements. If this is the case, and if the 
proportion of C, N, and O are being changed by mixing, we might expect to see a 
correlation between the abundance of these elements and [Ba/Fe]. In Figures 20a, and 
20b we plot [Ba/Fe] vs ([C/Fe] + [O/Fe]), and [N/Fe] respectively. There is little 
evidence of a correlation in these figures, suggesting that the abundance of barium is in 
general decoupled from that of the CNO group. This has the important implication that 
if barium is produced by a mixing process, it is probably distinct from that which 
drives the CNO variations. The correlation of [Ba/Fe] with [Fe/H] is more suggestive 
of a primordial origin.
iii) Lanthanum
Figure 21 plots [La/Fe] vs [Fe/H]. A positive gradient is suggested, though its 
possible existence is masked by the very high La abundance of ROA 371, and the 
position of ROA 144. As with barium, the latter star seems to have a low Fe 
abundance for its La content. Adopting = 2.0 km/s results in [La/Fe] = 1.28, which 
again brings this star into line with the rest of our sample as indicated by the solid line 
in Figure 21.
v n . DISCUSSION 
• a) Abundance Trends
Our analysis of fifteen stars gives us an opportunity to investigate the abundance 
patterns in this cluster in much greater detail than has been possible in previous papers. 
From the preceding section, we can isolate five abundance trends that any hypothesis 
on the chemical evolution of co Cen must accommodate. First, we note a range of 0.6 
dex in the abundance of iron, from [Fe/H] = -1.28 to -1.91 dex. As we have already 
stated, this can only be due to selective enrichment by an early generation of stars. The 
second trend we find is a strong dependence among the abundances of C, N, and O.
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Figures 2.20 a and 20 b: In order to investigate the possibility of a mixing event for the 
enhancements in barium, we have plotted [Ba/Fe] vs ([C/Fe] + [O/Fe]) in 21 a, and 
[Ba/Fe] vs [N/Fe] in 2 lb. Data for which an abundance range only is known are 
plotted as open cicles, while arrows indicate upper limits. No dependence can be 
discerned in either plot. This suggests that whatever produces the barium 
enhancements must be decoupled from the events associated with CN and ON mixing.
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Figure 2.21: The behavior of lanthanum is similar to that of barium, in that this 
element shows strong overenhancements. The data also suggest the existence of a 
positive gradient. As with Figure 20 we plot the abundance of ROA 144 for = 2.5 
km/s and indicate, with a line, how its position in the diagram changes for c t = 2.0
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km/s.
Stars with depleted O and C have enhanced nitrogen abundances when compared with 
stars that have normal oxygen and carbon abundances ([O/Fe] = 0.4, [C/Fe] » 0.0). 
Moreover, all stars depleted in oxygen are depleted in carbon, while only some stars 
with depleted C have low O. Third, we find no conclusive evidence for a positive 
correlation between [Na/Fe] and [Fe/H]. Instead we argue that a positive correlation 
exists between sodium and nitrogen, an anticorrelation between the sodium and carbon 
abundances, and possibly between the sodium and oxygen abundances. Fourth, our 
data indicate a large overabundance of the a-process elements Si and Ca. 
Furthermore, [Ca/Fe] exhibits a positive correlation with [Fe/H]. Finally, we have 
found a wide range in the abundance of the heavy s-process elements. [Ba/Fe] is 
positively correlated with [Fe/H] and shows, in general, large overabundances. The 
element zirconium also appears to be overabundant in the majority of stars.
In this section we will examine these five trends, and discuss some of their 
implications and constraints on the first generation of stars.
i) The Range in Iron Abundance
The sites of Fe production are still somewhat uncertain, though recent work on the 
carbon deflagration supemovae resulting from binary star systems (Nomoto et al. 1984; 
Thielemann et al. 1986) indicates that these objects may produce substantial amounts of 
iron, as well as iron peak and intermediate atomic weight (oxygen through calcium) 
elements. Though simulations of nucleosynthesis by stars of 25 M0 suggest that the 
ejecta of such objects may contain substantial amounts of iron peak elements, these 
results are sensitive to the mass cut used to define the neutronized remnant left after 
evolution through the supernova stage. Observations of SN II events find little 
evidence to support Fe enrichment ( e.g. Tinsley 1979). We also note that the large 
enhancement in oxygen expected from Type II supemovae is not seen in CD Cen.
Given that there exists a range in iron abundance within CD Cen, the above results 
suggest that the occurrence of carbon deflagration supemovae are required to produce 
the Fe enhancements in co Cen.
ii) Carbon, Nitrogen and Oxygen
The anticorrelation between C and O on the one hand and nitrogen on the other clearly 
implies that CN and ON processing has occurred in the stars with low C and O. Given 
our observational data, we have difficulty envisaging a scenario where mixing has not 
taken place in the stars with depleted O and C and enhanced N, and where, instead, an 
early generation of stars has polluted the remaining proto-cluster gas cloud with carbon 
and oxygen depleted, nitrogen enhanced material. These data refute the suggestion by 
Rodgers et al. (1979) that the CNO variations in this cluster are primordial in origin. 
Our abundances are not stringent enough for us to discern the star to star range in 
[(C+N+0)/Fe].
CN processing appears to occur in a number of other clusters (e.g. in metal poor 
clusters such as M92, see Carbon et al. 1982; Langer et al. 1986; and M15, see 
Trefzger et al. 1983; also Langer and Kraft 1984), as has been inferred from the 
behavior of carbon and nitrogen for stars at different evolutionary points on the giant 
branch. The occurrence of ON processing, however, has not been firmly identified as 
yet in any other cluster. Early evidence suggested that ON processing had occurred in 
11-67 in M l3. This star has a depleted oxygen abundance (Leep et al. 1986; Hatzes 
1987) and strong CN bands (Norris and Pilachowski 1985, hereafter NP). More 
recent analysis (Langer et al. 1987), however, suggests that this star does not have an 
enhanced nitrogen abundance, so that the cause of the oxygen depletion remains 
uncertain.
One would expect CN processing to occur prior to ON processing, due to the higher 
temperatures (and therefore deeper mixing) required by the latter. Given this, it is 
reasonable to interpret the stars in our sample with depleted carbon and normal oxygen
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abundances as stars for which mixing has penetrated deep enough to induce dredge-up 
of CN processed material, but not that of ON.
The mechanism which induces the observed CNO abundance variations has not been 
identified The meridional circulation theory of Sweigart and Mengel (1979) has been 
postulated to explain this phenomenon. It has not withstood the test of observation. 
Stars with enhanced CN bands (by implication having undergone mixing) have been 
observed on the giant branch in globular clusters at luminosities far below that 
predicted by Sweigart and Mengel for the onset of mixing (see e.g. Norris and Smith 
1984). While this theory is not fully in agreement with observation, it nevertheless 
deserves further investigation.
Norris (1981, 1987), Suntzeff 1981, and Nemec et al.{ 1986) have suggested that 
angular momentum drives mixing phenomena in globular clusters. Large systemic 
rotation of a globular cluster may be associated with high stellar rotation, which in turn 
induces deep mixing, permitting CN cycle products to be brought to the surface and 
introducing fresh material into the H-buming shell. In clusters with the largest angular 
momentum mixing of the ON cycle products may also proceed. It is interesting to 
note, then, that co Cen has one of the largest ellipticities of globular clusters (White and 
Shawl 1987). (We neglect M19 for which the apparent ellipticity is almost certainly 
caused by patchy reddening [van den Bergh 1982].) If cluster rotation is indeed 
directly connected with mixing this theory has a directly observable test. Clusters such 
as M5 and M13, with metallicities and ellipticities similar to those of co Cen, may 
contain stars displaying the effects of ON processing. Presently available data for 
these clusters are limited, and accurate C, N, and O abundances are required for a 
sample of stars in these systems.
iii) The behavior of the CNO Group with Sodium
The mixing scenario can adequately explain the carbon and oxygen versus nitrogen 
correlations. Our data also indicate that there is a correlation between Na and N, a 
feature that is common among clusters with a spread in nitrogen abundance. We also
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find an anticorrelation between Na and C. The dependence between Na and N has 
defied attempts at explanation in terms of evolutionary phenomena as sodium is not 
expected to be produced in present day globular cluster giants* (see NP for an 
extensive discussion on this topic). Instead, enrichment by N and Na rich ejecta from 
a first generation of intermediate mass stars (IMS) has been suggested as a plausible 
explanation (Cottrell and DaCosta 1981). If this were the case for co Cen, CNO mixing 
in some stars would be superimposed on any primordial Na-N correlation. Two 
problems are evident. First, why do we not see a range in [C/Fe] and [N/Fe], the 
result of mixing, for stars with enhanced Na? Second, Figure 15b suggests that 
oxygen depletion must occur for there to be a sodium enhancement. This is strongly 
suggestive that Na is associated with an evolutionary process, since the O depletion is 
most likely the result of mixing. These difficulties with the primordial scenario suggest 
that evolutionary events may have produced the observed abundance variations. If the 
Na spread is due to such phenomena, however, one would be left with the confusing 
result that for some stars mixing need not necessarily lead to an increased sodium 
abundance. (We note for completeness that the range in sodium abundance, 
approximately 0.5 dex, is reminiscent of the difference in Na abundance between the 
nitrogen-rich/nitrogen-poor pairs of stars examined by NP.)
One further point concerning the Na enhancements needs to be examined. It might be 
suggested that non-LTE effects or temperature restructuring of the outer layers of the 
star resulting from a change in the CNO abundances may produce spurious variations 
in Na lines strengths. Our differential analysis will reduce the effects of any global 
peculiarities, though extrinsic star to star variations cannot be accommodated in our 
analysis. The results of Campbell and Smith (1987), however, suggest that Na 
enhancements in globular cluster red giants are real. They show that no correlation
* One might consider the possibility that Na is formed during He-flash. The work of Deup 
Wallace (1987) indicates that sodium will not be manufactured during this event in 2M0 sta 
suspects that it will also not be produced in 0.8Mo giants.
exists between the low ionization KI line strengths on the one hand and Na and A1 on 
the other as might be expected if temperature restructuring by C, N, and O variations 
were responsible for the sodium and aluminium line strength anomalies.
iv) Silicon and Calcium
Two sites have been identified as producing large quantities of Si and Ca. These are 
the hydrostatic and explosive shell burning phases of high mass stars (HMS; where Si 
is produced more efficiently than Ca during C burning, while Ca is favored during O 
and Si burning phases [Arnett 1971]) and carbon deflagration Supernovae (Nomoto et 
al. 1984, Thielemann et al. 1986).
co Cen shows an overabundance of silicon and calcium, in common with halo giants 
and other globular clusters, but to a larger degree than these other objects. 
Furthermore, the oxygen rich stars in our sample show smaller overabundances of this 
element than Si and Ca (we assume that the present oxygen abundances of these stars 
in our sample are their primordial value, as the N abundances for these stars are 
relatively normal, indicating little or no conversion of O to N).
Our data indicate a small positive correlation between [Ca/Fe] and [Fe/H], as has also 
been suggested by Cohen (1981) and Gratton (1982). The correlation is in the 
opposite sense to that found in the halo giants (LB) where the observed Ca - Fe 
dependence has been interpreted in terms of the greater importance of HMS with 
respect to iron producing IMS in the early life of the Galaxy (see LB, Iben 1983b, 
Spite and Spite 1985, and references therein).
Given the uncertainties in determining the true iron peak composition of 25 Mq ejecta, 
one might speculate that such objects have enriched the co Cen gas cloud. If one takes 
the recent calculations of Woosley and Weaver (1986), which suggest that such objects 
will produce massive amounts of oxygen, one would then expect to find stars with 
large overabundances of O. This is not seen in our sample, supporting the view that 
HMS have not been the most important source of enrichment in co Cen (Norris and
Smith 1983). Oxygen is produced in much more reasonable amounts in models of 
carbon deflagration supernova, which suggests that these objects were more important 
in enriching this cluster.
It is sobering, however, to keep the following two points in mind. The first is that the 
predictions of nucleosynthesis calculations are very dependent on input physics. Early 
calculations of 25M0 stars showed that [Ca/Mg] = -0.7 to -0.9 (Woosley and Weaver 
1982). Increasing the 12C(a,y)160  cross section by a factor of three, as has recently 
been suggested, and performing a consistent simulation, changes [Ca/Mg] to 0.3 
(Woosley and Weaver 1986) (and it is salutary to note that [Ca/Mg] = 0.9 for the 
carbon deflagration supernova). Second, the carbon deflagration models of 
Thielemann et al. (1986) have been devised to match observations of SN I ejecta. The 
initial abundances of these models differ from those of the metal poor objects that 
enriched co Cen. Just how the composition of the theoretical ejecta changes with more 
appropriate models remains to be seen.
v) s-process elements
The overabundance in the s-process elements is unusual. The trend of increasing 
[s/Fe] vs [Fe/H] is consistent with the production of these nuclei as secondary 
elements, with our data indicating [Ba/Fe] « 3.0*[Fe/H] + 4.95, but the steep slope of 
this curve (c.f. LB who find a slope near unity for the halo giants) and the large 
overabundances set co Cen apart from other globular clusters and the halo stars.
Recent calculations for Population II stars utilizing the latest cross section values 
indicate that heavy elements will not be made as efficiently as previously thought, both 
in IMS and HMS (Busso et al. 1986; Busso and Gallino 1985; Arnett and Thielemann 
1985). Given these results, it appears that HMS and IMS (which are not part of a 
binary system) would have trouble producing the required s-process enhancements.
Though no quantitative work has been carried out for carbon deflagration supemovae, 
these events appear to be a promising way to produce both s and r-process nuclei.
Neutrons from both the 13C(a,n)160  and 22Ne(a,n)25Mg reactions may be released as 
the result of shell flashes in material accreted onto the white dwarf, resulting in the 
production of s-process elements (Sugimoto et al. 1977; Sugimoto and Nomoto 1975). 
r-process nuclei may be produced during the deflagration shock wave. Quantitative 
theoretical analysis of heavy s-process production is urgently needed.
Several further sites of s-element nucleosynthesis have been postulated. Perhaps the 
most interesting, in the context of co Cen enrichment, is from low mass (0.7 M0 ), low 
abundance AGB stars (Iben 1983a; Iben and Renzini 1982). Obviously, these stars 
have masses too low to have enriched proto-co Cen, but observational evidence is 
available suggesting that stars of a few solar masses may produce s-process nuclei in 
quantity (enhanced ZrO features in intermediate age red giants in Magellanic Cloud 
clusters, e.g. Bessell, Wood, and Lloyd Evans 1983). As argued by Norris and Smith 
(1983), such objects may have enriched co Cen in heavy s-process elements.
As argued in §V e (ii), the barium enhancements in this cluster cannot be due primarily 
to mixing events. We do not exclude the possibility, however, that a mixing event 
separate and different from that responsible for the C and O depletions is the cause of 
some barium enhancements.
b) Comments on Enrichment
It has long been suggested that the complexity of the abundance patterns in this cluster 
will only be explained within a framework that incorporates both primordial and 
mixing events and unravelling the two is obviously difficult. Having said this, in the 
following subsections we wish to stress some of our conclusions and make a few 
additional points concerning primordial and mixing phenomena.
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i) The Nature of the Primordial Enriching Stars
Norris and Smith (1983) have considered this question in detail and we refer the reader 
to that paper. These authors suggest that the difference between co Cen (and M22) and 
other clusters is that primordial enrichment was provided by ejecta from stars whose 
mass function extended to lower mass (say, down to 3 M0 as opposed to 5 M0 ). We 
would like to add the following. First, our data, in particular the lack of large 
overabundances in O, indicate that HMSs have not been important in the first 
generation of stars, contrary to previous conjectures (Cohen 1981; Norris and Freeman 
1983). Enrichment by carbon deflagration supemovae, however, does allow one to 
envisage, in a coherent way, the formation of some of the observed abundance patterns 
(the range in Fe abundance, s-process enhancements, Ca-Fe correlation).
Further observational data can be brought to bear on the history of co Cen. Norris has 
shown that a strong correlation exists between the CN band strength index, 5S(3839), 
and the Ca H and K line strength index, A(Ca) (see Norris 1980, Figure 6.4; also 
Norris and Freeman 1983). While the scatter for a given value of A(Ca) is attributable 
to mixing phenomena, the overall positive correlation can be understood as the result of 
primordial enrichment In addition, the observed radial gradient in CN is supportive of 
a primordial origin for some of the CN variations. The gradient is in the sense that the 
CN strong stars occupy only the central regions of the cluster (Freeman, Norris and 
Seitzer; as reported in Freeman and Norris [1981] and Norris and Smith [1981]). 
Such a gradient would make sense if one believes that the CN strong stars formed from 
material which had collapsed deeper into the potential well of the cluster and had been 
enriched by a first generation of stars. If this gradient is primordial, then one would 
also expect a radial gradient to exist for A(Ca). One might also expect a kinematical 
difference between the stars with strong A(Ca) and weak A(Ca).
The behavior of C, N, and O in the stars we have examined provides strong (we would 
suggest conclusive) evidence for the mixing to the surface of CN cycle and ON cycle 
products in GB stars. The large nitrogen enhancements observed in some stars (e.g.
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ROA 100, with a nitrogen enhancement of approximately 1.0 dex, this paper) can be 
understood as due to mixing of ON cycle products to the surface.
Mechanisms devised to explain mixing events are not wholly satisfactory. The 
meridional circulation theory of Sweigart and Mengel (1979) does not account for the 
observed phenomena as discussed in § IVa (ii). The effects of rotation, however, have 
not been fully described as yet, and it remains to be seen whether this can induce 
mixing at the low luminosities at which abundance variations are observed. If the high 
degree of cluster flattening is due to the effects of angular momentum, we might expect 
stars that have undergone mixing to have higher angular momentum as a group 
compared with the stars which have not undergone mixing. It would be interesting to 
compare the kinematics of these two groups.
One may even speculate further and consider the possibility that the Na - N correlation 
is due to a link between primordial conditions, such as kinematics, and evolution. For 
example, if the Na enhancements were due to enrichment from a first generation of 
stars it is plausible that the second generation would have different kinematical 
properties, such as higher rotation. This might ensure that CN and ON mixing 
occurred during the GB phase of second generation stars, with the result that red giants 
enhanced in Na always underwent mixing.
Renzini (1983) has suggested that random spin up due to close stellar encounters may 
induce the angular momentum necessary to induce mixing. As has been noted by 
Norris and Freeman (1983), this would lead one to expect that the degree of abundance 
anomaly in a cluster should be positively correlated with the degree of central 
concentration, co Cen, however, is a cluster of low concentration. This state, 
however, may favor the production and survival of binary stars, possibly leading to the 
observed iron peak abundance variations from enrichment by carbon deflagration 
Supernovae.
It is of some importance that we should understand the true nature of the sodium-CNO 
connection as is still unclear as to what produces these enhancements in Na, which are
7 9
common to all clusters with nitrogen variations. We suggest that, even though the red 
giant phase of low mass stars is apparently well understood, more theoretical and 
observational work be undertaken to establish the relationship between the abundances 
of N, O, Na, and Fe.
c) The Peculiar Star ROA 371
Due to the great abundance heterogeneity of stars in co Cen, all stars in this cluster are, 
in some sense, unusual. One star in particular, however, is highly unusual, even for co 
Cen. This is ROA 371, as first emphasized by Dickens and Bell (1976). It is grossly 
overabundant in sodium ([Na/Fe] = 1.26), and in silicon ([Si/Fe] = 1.20), while it also 
has the highest value of [M/Fe] for the elements Ca, V, Ba, and La. It should be 
emphasized at the outset that this star is a variable, and the atmospheric parameters we 
used may not be applicable to the spectra we obtained. To examine this we derived 
abundances for differing sets of parameters. We find that the abundances of virtually 
all elements change in step with that of iron. The one important exception to this is 
silicon, for which an increase in Teff of 200°K, to 4200°K, produces a decrease in 
[Si/Fe] of 0.6 dex, removing the large enhancement. Such a temperature is probably 
too high for this star. The peculiar Ba abundance of ROA 371 has led other workers to 
suggest mixing as a possible cause of the abundance anomalies. The high abundance 
of silicon, however, would not be expected to result in this way, and a primordial 
origin, for this element at least, seems more likely.
A further possibility is suggested by the work of Deupree and Wallace (1987). a- 
process nuclei produced during violent He-flash in low mass stars may enrich the 
stellar envelope. Unfortunately we only have sodium and silicon in common with this 
work. Their Figures 3 and 11 show that silicon can be enhanced by a factor of 10 or 
more (along with smaller enhancements in Mg and Al), while oxygen should remain 
relatively unchanged. The degree of carbon enrichment is highly variable, but 
assuming the most reasonable cross section value for the 12C(a,y)160  reaction, one
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finds that carbon will be relatively unenriched. Our data suggest that carbon is slightly 
overdeficient, while N is somewhat enhanced (see §in b and c; [C/Fe] = -0.3, [N/Fe]
= 1.0). These results indicate that carbon is not enhanced in this star. One difficulty 
remains. Our results show a large enhancement in Na, in disagreement with the 
calculations of Deupree and Wallace.
This star shows a number of similarities to ROA 253. Table 6 compares the 
abundances for these two stars, with those for ROA 253 coming from Cohen (1981). 
As may be seen, they are both overabundant in sodium, though ROA 371 to a far 
greater degree (by 0.72 dex), while the elements Ca, Sc, Ti, Cr, Fe, Ni, and Zr are all 
slightly more abundant, by an average of 0.13 dex, in ROA 371. Startling differences, 
however, are evident in the values for Si, V, Ba, and La, where ROA 371 is more 
abundant than the more normal ROA 253 by 1.04, 0.58, 0.75, and 0.90 dex 
respectively. It will be interesting to see how the light elements Mg and A1 compare 
between these two stars. Obviously ROA 371 deserves further investigation so as to 
facilitate further comparison with ROA 253 and the calculations of Deupree and 
Wallace (1987).
One final point can be made. This star has a large value for R(V-K), 0.61 (PFCAM), 
indicating a value of [Fe/H] several tenths of a dex higher than the value suggested by a 
least squares fit to the data in Figure 9. One should note, however, that silicon will 
contribute significantly to the FT opacity of the stellar envelope (as will other abundant, 
low-ionization-potential, elements such as Mg), increasing the colormetric index R(V- 
K). For stars where the silicon abundance does not vary in step with iron it is sensible 
to plot R(V-K) vs ([Si/H] + [Fe/H]). Figure 22 is such a plot for our data (filled 
circles) and that of Cohen (1981, open circles). As can be seen, there is a strong 
correlation between the two parameters, and the position of ROA 371 does not appear 
discrepant
O m ega C entauri
TABLE 6
Abundances for ROA 371 and 253
Element ROA 371 ROA 253
O L... -1.27 <-1.34
Na I... -0.11 -0.83
Si I... -0.17 -1.21
Ca I... -0.51 -0.66
Sc I...................  -0.79
Sc II.. -0.85 -0.70
Ti I... -0.99 -1.08
V I.... -0.75 -1.33
Cr I... -1.47 -1.63
Fe I... -1.37 -1.58
C ol... -0.91
Ni I... -1.30 -1.52
Zr I... -1.01 -1.23
Ba II.. -0.36 -1.11
La II.. 0.07 -0.83
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Figure 2.22: R(V-K) vs ([Si/H] + [Fe/H]) for the data of this paper (filled circles) and 
that of Cohen (1981; open circles). A strong correlation is evident. Note, in particular, 
that the position of ROA 371, with its large overabundance in silicon, does not appear 
discrepant in this graph.
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L ABSTRACT
Observations of stars on the giant branch and horizontal branch of the globular cluster 
47 Tucanae confirm the bimodality in the distribution of strength of the k4216Ä CN 
band and the existence of a radial gradient in the ratio of the number with strong CN 
compared to the number of stars with weak CN. We find that this ratio changes at r = 
6', and is approximately equal to 2 for r < 6', decreasing to 0.8 for r > 6'. Estimates 
of the relaxation time, which indicate that the cluster is dynamically relaxed out to r = 
6', suggest that the CN strong stars are slowly diffusing outward with time, from a 
steeper gradient originally set up during cluster formation.
We also confirm an anticorrelation between the strength of the CN and CH bands. The 
mixing of CN cycle products to the surface most readily explains the observed 
anticorrelation, but our data indicate that it extends to luminosities fainter than that at 
which present theory predicts such mixing to occur (logL/L0 = 1.3 or V= 15.0 from 
our data, compared with log L/L0 = 1.6 for the meridional circulation theory of 
Sweigart and Mengel 1979). This discrepancy between observation and theory has 
been noted for all other clusters with CN - CH anticorrelations.
Velocity dispersions have been obtained out to r = 36’ from the cluster center. If we 
include the data of Mayor et al.{ 1983), and Freeman and Da Costa (unpublished) we 
fmd that the radial profile of the velocity dispersion is reasonably well fitted by single­
mass King, single mass King-Michie, and multi-mass King-Michie models. Of these, 
the fit to the observed luminosity profile of the multi-mass King-Michie model is 
marginally superior to that of the single-mass models. None of the models 
satisfactorily predict the central velocity dispersion derived by Illingworth (1976) from 
integrated light spectra.
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IL INTRODUCTION
The globular cluster 47 Tucanae is chemically inhomogeneous in the elements C, N, 
and Na (Bell, Dickens and Gustafsson 1975; Hesser, Hartwick and McClure 1976, 
1977; Mallia 1978; Hesser 1978; Norris 1978; Dickens, Bell and Gustafsson 1979; 
Norris and Cottrell 1979; Norris and Freeman 1979 [hereafter NF]; Hesser and Bell 
1980; Cottrell and Da Costa 1981; Norris and Freeman 1982; Bell, Hesser and Cannon 
1983; Norris, Freeman and Da Costa 1984 [hereafter NFD]). Moreover, the 
distributions of the strengths of the cyanogen bands at >.3883 and Ä.4216Ä are bimodal, 
suggesting the possible existence of two populations of stars within this cluster. This 
phenomenon appears to be common among clusters of intermediate and high metallic- 
ity.
Analyses of (CN strong)/(CN weak) pairs of stars in 47 Tue suggest that, in those 
objects with strong cyanogen bands, carbon is depleted by between 0.2 and 0.3 dex 
and nitrogen enhanced by 0.9 dex relative to those with weak CN bands. The 
anticorrelation of the strength of the CN bands and the CH bands (Norris and Freeman 
1982; NFD) for stars on the horizontal branch (HB) and giant branch (GB), observed 
both in this cluster, and in others with CN bimodalities (NGC 6752: Norris et al. 1981; 
M 4: Norris 1981; M3: Suntzeff 1981, Norris and Smith 1984; M5: Smith and Norris 
1983; NGC 3201: Smith and Norris 1982a), is consistent with an anticorrelation 
between the abundance of C and N. The mixing of CN cycle processed material 
provides the most natural explanation for the CN - CH anticorrelation. There is little 
theory on the alteration of surface abundances from such processes in stars on the giant 
branch. The meridional circulation theory of Sweigart and Mengel (1979), in which 
fresh carbon is transported to the H-buming shell of a GB star, burned to nitrogen via 
the CN cycle, and then brought to the surface, has therefore received much attention 
with attempts to explain the observed CN - CH anticorrelation in globular cluster stars.
The positive correlation between the CN band strength and the abundance of Na, in this 
cluster and in all others which display variations in N abundance, (Cottrell and Da
9 1
Costa 1981; Norris and Pilachowski 1985), cannot be explained in this way, as current 
theory does not predict the synthesis of Na in low mass stars. One must look, instead, 
to a primordial mechanism for the Na enhancements. Cottrell and Da Costa (1981) 
have suggested that thermal pulsing asymptotic giant branch (AGB) stars of 
intermediate mass (5 - 10 M0 ) may produce the observed abundance correlation 
between N and Na in present day stars by enriching the proto-cluster gas cloud. A 
primordial explanation is supported by other observational evidence in 47 Tue. First, 
variations in the CN band strength appear to extend down to the main sequence turnoff 
(Hesser 1978; Hesser and Bell 1980; Bell ex al. 1983), where current theory does not 
predict mixing to occur. Second, radial gradients in abundance, color, and the 
luminosity function have been observed. The ratio of the number of CN strong stars to 
the number of CN weak stars also changes with radius (Norris 1978; Norris and 
Freeman 1979), and Chun and Freeman (1979) have reported the existence of radial 
gradients in (U-B) and (B-V). Lloyd Evans (1974) has noted a gradient in the 
distribution of bright giants. Integrated spectra also suggest a possible gradient in Ca 
and Mg (Smith 1979). One would not expect such a gradient to result from dynamical 
processes after formation (Da Costa 1977). The existence of the CN gradient, 
however, has been questioned by Hartwick and McClure (1980) and Langer and 
Shipman (1988). If a gradient is real, one might expect to see a difference in the 
kinematics of the two CN groups, such as has been suggested for co Centauri (Freeman 
1985). No such differences have been found in 47 Tue for either rotation or dispersion 
(Freeman and Da Costa, as reported in Freeman 1985). However, few stars have been 
observed in the region beyond r = 18' (the tidal radius rt = 45', Da Costa 1979) where 
one might expect the differences in kinematics to be most noticeable. Freeman (1985) 
has suggested that the CN vs radius data are consistent with primordial formation of a 
radial gradient, dynamical relaxation having homogenized the inner few arc minutes of 
this system, but not the outer region, where the relaxation time is expected to be greater 
than the age of the cluster.
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As a contribution towards understanding the nature of the CN bimodality and the 
variation in C and N abundances in 47 Tue, and in other intermediate and high 
metallicity clusters, one would like to establish: (1) whether the ratio of the number of 
CN strong stars to the number of CN weak stars (hereafter the CN ratio) really varies 
with radius, and (2) whether there is any kinematical difference between the CN strong 
and the CN weak stars.
In this paper we consider these two questions. We have mapped the distribution of the 
stellar CN band strength across the entire cluster. The data of NF and NFD cover the 
regions of 47 Tue with T < r < 2.5' and 6' < r < 18', but include few stars with r > 
18'. We have obtained CN data for stars in the 2.5' to 6' region, and for stars beyond 
r = 17'. In order to study the outer region, we first undertook a program of 
photographic photometry to identify the cluster members, which were observed 
spectroscopically to determine their CN band strengths and radial velocities. The data 
were used to investigate the kinematical properties of the CN weak and CN strong 
groups. Furthermore, our velocities in the outer part of 47 Tue (r > 17’) extend the 
previous velocity dispersion profiles of Mayor et al. (1983) and Da Costa and Freeman 
(1985) to much larger radii, which permits a more critical comparison with the 
predictions of various dynamical models.
The data are presented in § II, and the spectral indices and velocities are analyzed in § 
III. We show that the CN bimodality, first noted by NF, and the CN - CH 
anticorrelation (Norris and Freeman 1982; NFD), is present throughout this cluster. In 
§ IV we examine the implications of our results on the nature of the CN bimodality.
HL OBSERVATIONAL MATERIAL
Our data set consists of two distinct samples : (1) stars between 2.5' and 6' from the 
cluster center, observed with the 1.9-m Mt. Stromlo telescope; (2) stars outside 17'
93
from the center, observed with the Anglo Australian Telescope (AAT). We discuss 
each of these samples in turn.
a) CN Observations in the Region 2 5 ' < r < 6'
Forty eight candidate GB stars in the 2.5' to 6' annulus were identified from the 
photometry of Chun and Freeman (1978) and observed with the 1.9-m telescope at Mt. 
Stromlo during December 1986, using the 2D Photon Counting Array (Stapinski et al. 
1981) and the Cassegrain spectrograph. The spectra have a resolution of 3.5Ä 
(FWHM), and cover the wavelength range >A3500 - 4500Ä. At this resolution it is not 
possible to obtain accurate velocities for the purpose of weeding out non-members. 
However, we expect few field stars within the small area of sky covered by our 
observations and within the limited region of the color magnitude diagram defined by 
the giant branch. As far as possible we chose stars for which accurate velocities were 
available from the published list of Mayor et al. (1983), and avoided objects with (B-V) 
>1.5 for which the sensitivity of the C(4142) index to cyanogen abundance variations 
is diminished.
The spectra were sky subtracted and wavelength calibrated. Estimates of the strength 
of the blue CN band at 4216Ä, the CH band at 4310Ä, and of the H and K Ca lines
were determined using the following definitions (see NF; NFD):
4 3 1 0
W(G) = J (1 - (Fx/F4318)) dk
4 2 9 0
S(4142) = -2.5 * log {
4216J FX dX/
4 1 2 0
4290
I  F*
4 2 1 6
A(Ca) = 1 - 0.956 {
3985 # ✓  3916
J Fx dX / (  j Fx dX +
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We observed two stars, 7220 (CN strong; NF), and 8517 (CN weak; NF) 
(identifications from Lee, 1977), several times each night. These stars allowed us to 
transform our instrumental indices to the system of NF. The transformation from
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S(4142) to C(4142) is given by NF. From the repeat measurements of the standard 
stars we estimate an error of 0.03 in C(4142).
Our results are given in Table 1. Columns (1) - (3) are the star identification, V, and 
(B-V) from Chun and Freeman (1978). Our C(4142) values are given in columns (4). 
Column (5) is the star's radial distance from the cluster center, and column (6) the 
radial velocity from Mayor et al. (1983)
b) Photographic Photometry in the Outer Parts of 47 Tue
The photographic photometry of Lee (1977) extends out to 27' from the cluster center. 
In order to identify stars outside this region a set of plates of 47 Tue was obtained with 
the Uppsala Schmidt telescope at Siding Spring Observatory. The photographic 
material consists of five hypered IIIa-J plates and five hypered Hla-F plates. The 
unvignetted field diameter is 2.5° in diameter. The plates were scanned on the Mt 
Stromlo Observatory PDS, and reduced using programs devised by Ratnatunga (1983) 
and modified for the purpose of this project. The non-linear, pseudo magnitudes 
derived for each star by these programs were averaged over the five plates and then 
transformed to B and V using photoelectric standards from Lee (1977). The 
photometric sample, which consists of 2500 stars, extends down to V = 16.0 and B = 
16.5, and covers a region of 2.8 square degrees centered on the cluster (Paltoglou 
1989). The data, which may be of interest to those involved in studying Galactic 
structure, are available, on request, from one of the authors (G.P.). From the five 
plates in each passband, we derive an internal standard error of 0.02 in V and 0.03 in 
(B-V). Comparison of the photographic and photoelectric magnitudes indicates an 
external standard error of 0.04 in V and 0.05 in (B-V).
Figure la shows a color-magnitude relation for the stars in the annulus 9' - 12' from 
the center of this cluster, and given an indication of the accuracy of our photographic 
photometry. Figures lb  and c cover the regions from 17’ to 24' and 24' - 36' from the
95
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Table 1
Cyanogen Measurements for Giants with 2.5' <  r < 6.0'
Id V (B-V) C(4142) R(') vr
(1) (2) (3) (4) (5) (6)
E 94 12.51
E 90 12.32
E 62 12.40
E 49 12.36
E270 12.87
E306 12.74
E318 12.68
E336 12.79
E354 12.44
E414 12.74
E412 12.45
E487 12.54
E512 12.62
E426 12.66
D336 12.64
D423 12.50
D399 12.79
E538 12.40
E454 12.71
E615 12.63
D 15 12.53
D213 13.37
D240 13.45
D567 13.45
D649 12.46
D650 13.51
D677 12.94
E 32 12.91
E127 13.29
E165 13.09
E215 13.25
E2S2 13.24
1.30 0.15
1.40 0.14
1.36 0.24
1.35 0.23
1.27 0.36
1.25 0.16
1.29 0.31
1.29 0.19
1.35 0.19
1.26 0.25
1.34 0.34
1.32 0.31
1.27 0.34
1.34 0.14
1.34 0.28
1.34 0.30
1.33 0.32
1.34 0.31
1.29 0.31
1.32 0.10
1.34 0.32
1.19 0.21
1.22 0.32
1.16 0.30
1.36 0.28
1.18 0.14
1.24 0.25
1.16 0.28
1.13 0.08
1.11 0.12
1.21 0.11
1.11 0.10
3.38 -15.8 
2.67 -10.2 
2.73 -21.6
3.62 -14.4 
2.87 -35.6 
2.82 -22.0 
3.72 -38.4 
3.50 -21.6
3.22 -15.0 
4.10 -37.4 
4.28 -21.6
3.23 -15.9
2.77 -19.4 
3.89 -2S.1 
5.98 -17.5
5.47 -28.6
5.32 -27.8
4.47 -10.4 
2.57 -16.2
4.63 -31.0
5.80 -5.8
4.82
5.15
4.77
4.77 -18.9 
4.75
5.00
4.32 
4.43 
4.60
4.63
4.32
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Table 1 cont.
Id
(1)
V
(2)
(B-V)
( 3 )
C(4142)
( 4 )
R'
( 5 )
V.
(6)
E434 13.25 1.07 0.11 4.40
E479 12.95 1.22 0.24 4.93
E523 13.27 1.07 0.21 4.90
E485 13.49 1.06 0.21 3.48
E567 13.70 1.05 0.2S 3.63
E593 13.29 1.14 0.38 3.95
D 22 13.11 1.07 0.19 5.60
D 23 13.57 1.13 0.08 5.48
D229 13.14 1.21 0.10 5.55
D424 13.42 1.11 0.07 5.57
D444 13.51 1.20 0.05 5.40
D489 13.34 1.14 0.25 5.43
D504 13.23 1.19 0.23 5.35
D560 13.31 1.15 0.29 5.83
D672 12.66 1.30 0.19 5.82 -8.3
0.6 0.8 1.0 1.2 1.4 1.6 1.8
(B-V)
Figure 1: Photographic photometry of 47 Tue. Figure (a) is for the region 9' < r < 12'. 
Figure (b) covers the region 17' < r < 24', while (c) is for 24' < r < 36'. Stars within 
the area specified by the solid line were defined as possible cluster members, and were 
observed using high resolution spectroscopy.
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cluster center respectively. The GB and HB of 47 Tue are well defined and distinct in 
Figure la, few field stars being evident. The non-members are more numerous in 
Figure 1 b, though most have (B-V) < 0.8 and do not contaminate the region of the 
cluster isochrone. For the outer region, the field stars dominate: while the HB clump is 
distinct, the GB is not clearly delineated. From the CM diagram for the 9' -12' region 
we isolated the regions occupied by GB stars (with V < 15.0), and HB stars. This 
template in the CM diagram, which is shown as a solid line in the figures, was used to 
identify possible 47 Tue members in the region from 17' to the tidal radius and is 
shown in the figures as the solid line. Beyond r = 40’ ( i.e. r = 0.85rt) the cluster 
stellar density was so low and the field star contamination so great that we decided not 
to include any stars in this region in our survey. A total of 190 candidate cluster 
members, between 17' to 40' from the cluster center, were identified for later 
spectroscopic observation with the A AT FOCAP fiber system. Table 2 gives RA 
(1950) and Dec (1950) for those stars subsequently observed (columns (2) and (3)), 
and V and (B-V) (columns (4) and (5)). The distance from the cluster center and the 
star’s position angle (in the usual sense) are given in columns (6) and (7) respectively.
c) CN and Radial Velocity Data in the Outer Parts of 47 Tue
We observed our candidate stars in the outer regions of 47 Tue on the night of 1986 
July 13/14 with the AAT and the FOCAP fibre system on the RGO spectrograph . 
The spectra cover the range M.3800 - 4550Ä. The instrumental profile has a width of 
1.2Ä (FWHM). The large physical size of 47 Tue, and the large number of stars, 
meant that four aperture plates were necessary. Each plate covered a different region 
of the cluster and included at least three velocity and CN standards for calibration 
purposes. In column (14) of Table 2 we label these stars 'std' and give their 
identification form Lee (1977). Unfortunately, due to lack of observing time, 
observations were only obtained for three of our four regions. We obtained four 
independent exposures for each field. This makes it possible to reduce the velocity
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errors by averaging the stellar velocities over the series of exposures. The spectra were 
sky subtracted and wavelength calibrated as usual.
Spectral indices were calculated for each star in a similar way to that adopted for the 
spectra obtained on the 1.9-m telescope. Calibration stars were used to transform our 
instrumental CN indices to the C(4142) system, while the A(Ca) and W(G) indices 
were transformed to the system of NF. In order to estimate the ratio of the strength of 
the Ä.4078Ä Sr II line to that of the Ä.4064Ä Fe I line, which can be used to discriminate 
between dwarf and giant stars, we also calculated the index SrFe as follows:
4 0 8 0  4 0 6 6
StFt.,0i{( j i k ^ i i a )/( j a ^ U ) }
4 0 7 6  4 0 6 2
where Fx is the flux at wavelength X, and Ic is a pseudo continuum defined as the mode 
of the pixel values between Ä.4000Ä to X4150Ä.
The resulting data for C(4142), A(Ca), W(G), and SrFe, with estimated errors of 0.02, 
0.005 and 0.7Ä and 0.04, are presented in Table 2, columns (8) - (11) respectively.
Velocities were derived using standard cross correlation reduction techniques (e.g. Da 
Costa et aL 1977). The four sets of exposures per plate allow us to determine an 
internal velocity error. In addition, we were able to determine an estimate of the 
external error, and convert our data to heliocentric velocities, by comparing with the 
heliocentric values of Mayor et aL (1983) for the eight stars in common. This is 
shown in Figure 2. Mayor et aL (1983) estimate an error of 0.6 km s*1 for their data. 
A least square fit constrained to have a gradient of unity indicates an external error of 
1.6 km s'1 for our velocities. This compares with a RMS internal error of 1.5 km s*1. 
In columns (12) and (13) of Table 2 we list the heliocentric velocity and corresponding 
internal error for the stars in our sample.
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v r ( M a y o r  et  al.)
Figure 2: Comparison of raw velocities with the heliocentric values of Mayor and 
Meylan (1983) for the eight stars in common. This gives an external error of 1.6 km s*1 
for our velocities.
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IV. ANALYSIS
a) Cluster membership for stars with r> IT
The question of cluster membership is important, particularly in the outer regions of 47 
Tue, because a few contaminating field stars, while not altering the CN ratio 
drastically, may have a major effect on the velocity dispersion estimates. The Bahcall- 
Soneira model (1980) predicts the majority of contaminating field stars to be disk 
dwarfs, with their numbers rising steeply towards the blue end of the color range of 
our sample. This latter point is also evident from the color magnitude diagrams in 
Figures 1 b and c. The model does not, however, include the thick disk component. It 
is apparent from a consideration of the color and magnitude range of our sample that 
thin disk component interlopers will be mainly dwarfs. For the halo and thick disk, we 
expect giants. The thick disk stars will be similar in abundance to those in 47 Tue. We 
note that from Figure 1 b we expect few field interlopers within the region of the CM 
diagram defined by the HB and GB for the region 17' < r < 24'.
In the following subsections we examine the question of membership using the radial 
velocity and spectral index data.
i) Velocity Criterion
We may use the velocity data itself to exclude some field stars. Figures 3 a and b are 
histograms of the velocities given in Table 2. The first figure is for the whole data set, 
while the second is for stars with -45 km s*1 < vr < 45 km s_1. The majority of stars 
congregate around a velocity of -16 km s-1. Mayor et al. (1984) have derived a 
systemic heliocentric velocity of -19.4 km s*1 for 47 Tue. The velocity dispersion for 
cluster stars in the region beyond 17' from the cluster center is expected to be less than 
6 km s_1 (see Meylan and Mayor 1986).
In order to reliably exclude field stars, we need to estimate their expected line of sight 
velocity dispersion. We adopt the (U, V, W) components of the sun's peculiar motion
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v r (km s“1)
Figure 3: (a) and (b) - Velocity histograms of the stars in Table 2.
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relative to the LSR to be (-10, 15, 5) km s_1, and the local circular velocity to be 220 
km S'1 (see Freeman 1987 and references therein). For the old disk, we assume that 
the asymmetric drift (AD) is 15 km _1, and that its velocity dispersion components in 
the usual (R, <{>, z) directions are (40, 30, 20) km s_1. The old disk dwarfs that appear 
in our sample are typically at a distance of 400 pc. Then in the direction of 47 Tue (1 = 
306°, b = -45°), the old disk dwarfs would have a mean line of sight velocity vr of 18 
km s"1 and a line of sight velocity dispersion of Gios of 26 km S'1. For the thick disk, 
we take the AD to be 30 km s-1, and the velocity dispersion to be (70, 55, 40) km S'1. 
Thick disk giants contaminating our sample are at about the same distance as 47 Tue. 
Then vr = 4 km s*1, and Gios = 49 km s'1 for these thick disk giants. Finally, for the 
metal weak halo, we assume a rotational velocity of 40 km s*1 and a velocity dispersion 
of (140, 110, 75) km s*1. The halo stars appearing in our sample have vr = 115 km s' 
l , and Gios = 90 km s_1.
Before rejecting stars as velocity outliers, we need to remove the effects of cluster 
rotation on the sample. We do this by fitting a least squares curve of the form vQ = 
Asin(vr + a) +c to the data for stars defined as cluster members from a 3-g iterative 
velocity clip. This procedure will be explained more fully in § III c ii). We derived 
values for A and a  of -2.1 km s_1 and -118°. Figure 4 shows position angle against 
radial velocity for our data. Velocity members are plotted as filled circles, non­
members as open circles, and the derived rotation curve as a solid line. In Figure 5 a 
and b we show a histogram of the velocities in the rotating cluster frame, vrot, for stars 
with 17' < r < 24' and 24' < r < 36' respectively. The cluster stars are well delineated 
in Figure 5 a. An iterative 3-g clip on the 71 stars in this figure rejects 3 objects, with a 
final velocity dispersion of G = 4.6 km s_1. The velocity range is -9.6 km s_1 to +10.1 
km s*1. This procedure is not useful for the data in Figure 5 b because of the larger 
number of field stars. Instead we assumed that the dispersion and velocity range of the 
stars beyond r = 24' would be no larger than for stars with r < 24', and clipped off 
all stars with a velocity outside the same range, -9.6 km s*1 — 1-10.1 km s_1.
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PA (deg)
Figure 4: Radial velocity vs position angle. Stars defined as velocity non members are 
plotted as open circles. The solid line is the rotation curve as defined in the text.
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r < 24'
Figure 5: (a) Velocity histogram of vrol for stars in the range 17' < r < 24'. (b) Same 
as (a) but for the range 24' < r < 36'.
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Of the original 55 stars in the sample, 21 stars are rejected as velocity non-members. 
These objects are labeled in column (14) of Table 2 ’vr
ii) Dwarf Giant Discrimination
A comparison of the strengths of the Sr II line at >.4078Ä and the Fe I line at A.4064Ä 
permits discrimination between dwarf and giant stars. The former line is stronger in 
giants, the latter in dwarfs (Morgan et al. 1944). In Figure 6 a we plot the index SrFe 
vs (B-V) for GB stars. Velocity members are shown as filled circles, non-members as 
open circles. The majority of non-members have SrFe < -0.05, and are probably 
dwarfs. Three have SrFe = 0.2. These all have vr > 30 km s’1, consistent with them 
being thick disk or halo giants. Figure 6 b shows the data for the HB stars (symbols 
are the same as for Figure 6 a. The one non-member which has a SrFe value consistent 
with it being a giant has vr = 2.7 km s*1. We shall consider all stars with SrFe < -0.05 
as non-members. The cutoff is shown in the figures by the solid line. Except for one 
star with vr = 196.8 km s"1, which is probably a halo object, they are probably disk 
dwarfs and are labeled 'dw' in column (14) of Table 2. The high velocity star is 
labeled ’halo dw'. The mean velocity of the disk dwarfs is vr = 7 km s_1, with a  = 22 
km s*1. These values are consistent with those derived for disk stars in §111 a i).
iii) Halo Star Discrimination
The spectral index A(Ca) is sensitive to abundance for [Fe/H] % -1 (e.g. Ratnatunga 
and Freeman 1989). As 47 Tue is chemically homogeneous in this element (NF; 
Cottrell and Da Costa 1981), we can use A(Ca) to remove the metal poor halo giants 
from our sample. First, we divide our data set into GB and HB stars, and rejected all 
stars which fall more than 3-a from a first order line of best fit to each group. A 
second line of best fit was calculated for the remaining stars, and the process repeated 
until no further objects were removed. This process resulted in the exclusion of 4 
stars. Figures 7 a and b present the A(Ca) data with respect to (B-V) for the GB and 
HB stars respectively. The solid lines represent the final lines of best fit, with stars
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(B-V)
Figure 6: (a) Dependence of the spectral index SrFe on (B-V) for GB stars. Filled 
circles represent velocity members, open circles velocity non-members. The majority 
of non-members appear to be dwarf stars. The three non-members have velocities 
consistent with being halo or thick disk giants, the solid line is the cutoff used for non- 
membership. (b) Same as (a) but for HB stars.
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Figure 7: (a) and (b) - The dependence of A(Ca) on (B-V) for giant branch stars (upper 
panel) and horizontal branch stars (lower panel). Stars defined as cluster members 
from the A(Ca) values are plotted as filled circles, those as non-members as open 
circles.
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passing the A(Ca) membership test plotted as filled circles, and stars defined as A(Ca) 
field stars as open circles. The dashed line in Figure 7 a is a least squares fit to the GB 
data of Norris et al. (1981) for NGC 6752. This globular cluster has a metallicity of 
[Fe/H] = -1.54 (Zinn and West 1984). The three stars rejected because of a low A(Ca) 
value have velocities that are consistent with them being halo stars and are labeled 
'halo' in Table 2, column (14). The object with a high A(Ca) has been classified as 
dwarf from its SrFe value.
It is interesting to note that many of the velocity non-members fall in the region defined 
by the cluster members in the A(Ca) - (B-V) plane. We illustrate this in Figure 8 for 
GB stars, with velocity members plotted as filled circles, and velocity non-members as 
open circles. This is hardly surprising, however, because A(Ca) does not have much 
scale for -1 < [Fe/H] < 0 and so cannot identify disk stars. A few of the contaminating 
field stars are probably thick disk giants with similar chemical properties to 47 Tue, and 
are also difficult to distinguish.
iv) The W(G) and 5C(4142) Indices
Cluster members and some field stars also populate different parts of the W(G) - 
5C(4142) plane (8C(4142) is the cyanogen excess, which we shall define fully in §HI 
b i). We illustrate this in Figure 9 a. GB stars with O’ < r < 24' and classified as 
velocity, A(Ca), and SrFe members are plotted as filled circles. GB stars with 24' < r 
< 36' and classified as non-members according to velocity, A(Ca) and SrFe are plotted 
as open circles. These two classes of stars appear to occupy different though 
overlapping regions of the diagram. For the stars in our sample with 24' < r < 36', we 
shall exclude as field stars those objects with values of W(G) and 5C(4142) that place 
them to the upper left of the solid line. Similarly, in Figure 9 b we show W(G) vs (B- 
V) for GB stars, the symbols being the same as for the previous figure. Again, the 
field stars partially overlap the clusters members, and we shall classify stars that fall 
above the solid line as field stars. Non-members are labeled 'Wg8C' in Table 2. A 
similar process was used for the HB stars, w'hich we illustrate in Figures 10 a and b.
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Figure 8: The position of velocity non-members (filled circles) and members (open 
circles) in the (A(Ca),(B-V)) plane. This diagram suggests that the A(Ca) index is not 
a useful criterion for rejecting field stars.
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Figure 9: (a) The dependence of W(G) on 5C(4142) for GB stars. Stars defined as 
cluster members according to velocity criterion and with r < 24 are plotted as filled 
circles. Stars which are velocity non members are shown as open circles. The solid 
line marks the boundary between field stars and cluster members, (b) The dependence 
of W(G) on (B-V) for the same stars as in (a). Symbols are the same as in (a).
1 1 2
The symbols are the same as for Figures 9 a and b. Objects which lay clearly outside 
the two regions defined by the (CN strong)-(CH weak) and (CN weak)-(CH strong) 
groups of stars were considered non-members. These two tests identify 9 non- 
members not previously identified as such, and are labeled as W g8C in column (14) 
of Table 2. It is not possible to say with certainty whether these stars are giants or 
dwarfs from this data alone.
v) Thick Disk Giants
As these stars are very similar to 47 Tue members, only radial velocity data can be used 
to exclude them. The stars not excluded by the spectral index data, but which are non­
members according to radial velocity are probably thick disk giants. There are 7 of 
these objects. We therefore expect that our sample for r > 24' will contain 1 or 2 such 
objects that cannot be correctly identified as interlopers. They should have an 
insignificant effect on the kinematics and CN distribution.
In summary, we have 87 47 Tue giants, 18 probable disk dwarfs, 2 probable halo 
dwarf, 2 probable halo giants, 7 probable thick disk giants, and 9 stars which are not 
classifiable from our original sample.
b) Spectral Indices
In this section we shall examine the behavior of the spectral indices C(4142), W(G), 
and A(Ca) for the cluster members.
i) Bimodality in CN
Figures 11 a and b show the C(4142) data for GB stars as a function of (B-V) for the 
regions with 2.5' < r < 6' and r > 17' respectively. The solid line in each figure is the 
baseline adopted by NFD for their C(4142) data. This line is given by
C(4142) = -0.304 (B-V) - 0.275 .
1 1 3
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Figure 10: The dependence of W(G) on 5C(4142) (upper panel) and on (B-V) (lower 
panel) for HB stars in our sample. The symbols are the same as in Figures 9 a and b.
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Figure 11: (a) The dependence of C(4142) on (B-V) for red giants in the region 
2.5' < r< 6'. The solid line is the baseline adopted by NFD. The dashed line 
represents the value of 5C(4142) (b) - The complementary diagram for r > 17'. The 
solid line is the baseline adopted by NFD, while the dashed line indicates the 
approximate position of disk field stars.
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The good fit of their baseline to our data confirms that we are on the same system. The 
long dash line in Figure 11 b is the blueward extension of the NFD baseline, while the 
short dashed line indicates the approximate position for disk dwarfs from the catalogue 
of McClure and Forrester (1976). Figure 12 shows the C(4142) data for the HB stars 
in the outer radial bin. The dashed lines are the same as in Figure 11 b. In all these 
diagrams it is apparent that the stars divide naturally into two groups, one with CN 
indices close to the adopted baseline (the CN weak group) and those with a CN index 
several tenths larger than that of the baseline at the same color (the CN strong group). 
To explore this further we define the cyanogen excess, 5C(4142), for an individual star 
as its height above the baseline in these diagrams (see the dashed line in Figure 11a).  
Figures 13 a - c show generalized histograms (see Searle 1977) of 5C(4142) for GB 
stars with V < 14.0, GB stars with V > 14.0, and HB stars respectively, all with r > 
17'. We have divided the sample in this way so that the effects of evolution on 
5C(4142) can be examined. The gaussian kernel used to produce these diagrams, and 
all others of this type in this paper, had a sigma of 0.025 (the estimated error in 
5C(4142)) and the histograms have been normalized to have a peak height of 1.0. The 
histograms for the GB and HB distributions clearly display the cyanogen bimodality 
first brought to notice by NF. It is also apparent from these diagrams, and from 
inspection of Figure 11 b> that the bimodality in CN continues to the magnitude limit of 
our sample, V = 15.0 (My = 1.6): there is no suggestion of a faint magnitude limit to 
the bimodality. Table 3 lists the number of CN weak and CN strong stars for each 
evolutionary bin, where stars with 8C(4142) <0.11 are defined as CN weak, and stars 
with 8C(4142) > 0.11 as CN strong. The data are not inconsistent with a small 
decrease in the mean CN ratio for the fainter GB sample relative to the HB (see also 
Hartwick and McClure 1980), but this is not statistically significant according to a two- 
tailed x2 test. Further observations are necessary to clarify this point. We note that 
the data of NF and NFD do not support the conjecture that the mean CN ratio changes 
with magnitude. Also, the division between the CN strong and CN weak groups 
remains relatively constant at SC(4142) = 0.11, for the three bins. This is in agreement
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Figure 12: The dependence of C(4142) on (B-V) for horizontal branch stars with 
r > 17'. Symbols as for Figure 9 (b).
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GB: V < 14.0
GB: V >  14.0
delta C (4142)
Figure 13: Generalized histograms for stars with r > 17'. (a) - Giant branch stars with 
V < 14.0. (b) - Giant branch stars with V > 14.0. (c) - Horizontal branch stars. In all 
the diagrams, the bimodality is clearly seen.
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TABLE 3
Numbers of CN Weak and CN strong Stars
Evolutionary Bin N(CN Weak) N(CN Strong)
(1) (2) (3)
GB: 15.0 > V > 14.0 17 15
GB: 14.0 > V > 12.5 14 8
HB 21 12
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with the division between weak and strong CN adopted by NF and NFD. It is 
therefore reasonable to use the complete sample of outer region GB and HB stars to 
determine the CN ratio for comparison with the ratio derived for stars with 2.5' < r < 
6.0' and with the data of NF and NFD.
A note on statistical tests. We shall use the y} test as our primary tool, as the intrinsic 
CN distribution in 47 Tue is not continuous, but is of two distinct categories. 
Furthermore, we will consider as not statistically different any two samples have a 
greater than 10% chance of being drawn from the same parent distribution. Finally, we 
shall use two-tailed test unless otherwise stated in order to maintain the widest 
applicability. One may argue for the use of a directional one-tailed test, however, as 
the distributions appear different in an obvious sense. The use of a one-tailed test 
would enhance the significance levels given by a factor of two over two-tailed tests. 
Figure 14 shows a single generalized histogram for the data in the 2.5' < r < 6' region, 
there being only bright GB stars in this sample. Again the bimodality is evident, 
although the CN ratio is greater than for the outer region. There are 28 CN strong stars 
and 20 stars with weak CN bands among the stars in this sample.
We can now examine the radial distribution of 8C(4142) in 47 Tue. In this discussion 
we shall include the C(4142) data for the GB stars observed by NF and NFD. Figure 
15 shows SC(4142) against distance from the cluster center, and includes the data of 
NF and NFD. The estimated error in a single measurement is shown by the bar in the 
upper right hand comer. We partition our sample into ten radial bins as defined in 
Table 4. These bins have approximately 30 to 40 stars each. Figures 16 a - j  show 
generalized histograms of 5C(4142) for these ten bins. The bimodality is evident in all 
diagrams. In columns (2) - (4) of Table 4 we list the number of CN weak stars, CN 
strong stars, and the CN ratio for each bin respectively. There is an obvious decrease 
in the CN ratio between the inner region (r < 6'), and the outer region region (r > 6'). 
Figure 17 shows the generalized histograms for these two regions. The solid line is for 
the inner region, the dashed line for the outer. We may now examine the
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delta  C(4142)
Figure 14: The generalized histogram for giant branch stars in the region 2.5' < r < 6'. 
The bimodality is clearly evident. It is also apparent that the CN strong stars dominate 
over the CN weak objects.
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Figure 15: A plot of 5C(4142) vs radius for all data. The bar in the upper right hand 
comer indicates the error of a single measurement.
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TABLE 4 
CN RATIO
Radial Bin N(CN Weak) N(CN Strong) CN Ratio
(1) (2) (3) (4)
r - 2 ' 9 28 3.1±0.8
2'-4* 13 14 1.1±0.5
4 '-6 ' 12 19 1.6±0.6
6 '-9 ' 15 17 1.110.4
9 '-12 ' 18 20 1.110.4
12’-15' 14 12 0.910.4
15'-18' 15 5 0.310.2
18'-21' 24 16 0.710.2
21' 24' 17 10 0.610.2
24 '-36 ' 15 11 0.710.4
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12' < r < 15
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0.1 0 .2  0 .3  0 .40.1 0 .2  0 .3  0 .4
delta C(4142) delta C (4142)
Figures 16 (a)- (j): Generalized histograms of 5C(4142) for the ten radial bins, 1-2', 
2’- 4’, 4’ - 6', 6* - 9', 9' - 12', 12' - 15’, 15' - 18', 18’ - 21', 21' - 24’, 24’ - 28', and 
28' - 36' respectively. The CN strong stars dominate in the inner 3 bins, while the CN 
weak stars tend to dominate beyond r = 6'.
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Figure 17: Generalized histogram of 5C(4142). The solid line is for stars with r < 6', 
the dashed line for r > 6’.
125
significance of the radial gradient. Let the null hypothesis, Ho, be that 8C(4142) for 
the stars with r < 6' is drawn from a sample with the same distribution as that for the 
stars with r > 6’. The alternative hypothesis, Hi, is that they are drawn from different 
distributions. A y} test rejects Ho in favor of Hi at better than the 0.15% level. The 
Kolmogorov-Smirnov (K-S) test rejects Ho in favor of H] at better than the 1% level. 
This reinforces the results of NF, who found a significance level of 5% for a one-tailed 
Mann-Whitney U test. If we use only the data for GB stars with V < 14.0, we find 
that Hi is accepted at the 0.3% level for a y} test, and 2.5% significance level for a K- 
S test. We therefore conclude that the CN ratio changes between the inner (r < 6’) and 
outer (r > 6’) regions of this cluster. The 8C(4142) distributions for stars with 61 < r < 
18’ and 18' < r < 36' are not significantly different according to either tests above. 
The contradictory conclusions reached by NF and Hartwick and McClure (1980), from 
essentially the same data, result from the differing application of statistical tests. While 
NF used a one-tailed test, Hartwick and McClure used one that was two-tailed.
Langer and Shipman (1988) have drawn attention to a curious occurrence in the data of 
NF. They show that, for stars in the same region of the cluster, the distribution of CN 
strengths for the photoelectric and spectroscopic data are apparently different. Then- 
suggestion is that there may be a systematic difference between the data obtained via 
these two procedures. The data obtained by the present authors consist wholly of 
spectroscopic observations (we note, however, that the data for the 2.5' to 6' region 
and for stars beyond r = 17' were obtained on different spectrographs). A y} test of 
the data for the stars in these two regions shows that the CN distributions are different 
at the 6.6% level. If we include the data of NF for r < 6', which were obtained 
spectroscopically, the y} significance level is 0.2%. For a K-S test the significance 
level is 1%. We suggest that the discrepancy noted by Langer and Shipman (1988) is 
due solely to statistical fluctuations.
We may also examine the distribution of 8C(4142) for the AGB stars observed by NF 
and NFD. Figure 18 shows the generalized histogram for 8C(4142) for their AGB 
stars with 6' < r < 18'. We use the AGB/GB classification of NFD, and note that all
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stars with (B-V) > 1.4 are classified as GB objects as it is not possible to distinguish 
between first and second ascent giants for these red stars. The diagram shows that the 
8C(4142) distribution is again clearly bimodal; however the two peaks for the AGB 
stars occur at 8C(4142) values that are 0.055 dex larger than those for GB objects. 
Due to the positive effect of luminosity on the CN band strength, AGB stars have 
larger CN indices than GB stars of the same color. In Table 5, we give the number of 
CN weak and strong stars for both the GB (columns (2) and (3)) and AGB (columns 
(4) and (5)) for the two radial regions, r > 6, and r < 2.5’ (column (1)). The 
differences in the CN distributions of the AGB and GB stars are not significantly 
significant for either region. The situation in 47 Tue is quite different to that in NGC 
6752. This cluster of intermediate metallicity ([Fe/H] = -1.54) has a bimodal GB, with 
roughly equal numbers of CN strong and weak stars, but has no CN strong stars on 
the AGB (Norris et al. 1981).
•Jtj,
Hartwick and McClure (1980) have suggested that there is an excess of&rong CN 
stars over CN weak stars at the tip of the GB, where the AGB and GB have merged, 
relative to the fainter parts of the GB . We note that for (B-V) > 1.4, there are 10 CN 
strong and 5 CN weak stars in the sample of stars of NF and NFD, and recall that for 
GB stars with (B-V) <1.4 there are 45 strong and 39 weak CN stars. Although this 
suggests an increase in the CN ratio at the tip of either the GB, or AGB, or both, it is 
not statistically significant, and further stars must be observed if one is to draw a firm 
conclusion on this question. It is interesting to note that the data of this paper show a 
slight decline of the CN ratio with increasing evolution. We would therefore suggest 
that the CN ratio is independent of luminosity, at least for V > 15.0. Finally, we note 
that the CN weak stars appear to reach luminosities on the GB tip as great as those of 
the CN strong stars, and that the brightest star for which a C(4142) value has been 
derived, 5529 (identification from Lee 1977), is a CN weak object.
Photoelectric spot measurements in C(4142) have been published by Chun and 
Freeman (1979). These data provide an interesting addition to the CN ratios of this
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Figure 18: The generalized histogram for the asymptotic giant branch stars observed 
by NF and NFD.
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TABLE 5 
AGB CN
Radius
GB
CN weak CN strong
AGB
CN weak CN strong
(1) (2) (3) (4) (5)
< 2.5’ 11 23 4 8
>6’ 45 39 12 6
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paper. Figure 19 shows our CN ratios, and Chun and Freeman's spot C(4142) 
measurements vs radius. The integrated C(4142) photometry are not inconsistent with 
a radial gradient, although the data suffer from large statistical errors. We note, 
however, that from our values of C(4142) and the CN ratio, the integrated C(4142) 
index should differ by only 0.04 between the inner and outer regions. This difference 
is too small to be distinguishable in the data of Chun and Freeman.
It is not possible to establish the exact nature of the radial gradient from the data. The 
results above have merely established that the CN distributions for stars with r < 6' and 
r > 6’ are different. Given the effects of projection, however, the data are consistent 
with an abrupt change in the CN ratio at r = 6', remaining constant beyond this radius, 
rather than a gradual change from the cluster center to the tidal radius. To illustrate this 
we show, as a solid line in Figure 19, the theoretical line of sight CN ratio for a King 
model (King 1966)with Wo = 8.7 and with a constant core ratio of 8 strong to 3 weak 
stars out to a spherical radius of 6', and a ratio of 8 to 10 outside this radius. We 
would need cyanogen data for many more stars before we could obtain a reliable 
indication of the CN gradient
ii) C(4142) vs W(G) anticorrelation
Norris and Freeman (1982) showed that there is an anticorrelation between the 
cyanogen band excess of the violet CN band, 8S (3 839), and the strength of the G- 
band for stars on the FOB. NFD reported the existence of an anticorrelation between the 
5C(4142) and W(G) indices for first ascent GB stars. We shall investigate the CN - 
CH anticorrelation for the stars in our sample with r > IT. Following the method of 
NFD we plot, in Figures 20 a and b, W(G) as a function of (B-V) for GB and HB 
stars respectively. In these diagrams the CN strong stars are plotted as filled circles 
and CN weak stars as open circles. The distribution of the two CN groups in these 
figures suggest that the CN strong stars have a systematically weaker G band than the 
CN weak stars. The K-S test rejects the hypothesis that the CN weak and CN strong 
stars have the same G band distribution at the 1% significance level, for both the GB
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Figure 19: The dependence of the CN ratio (filled circles, left hand axis) and the 
integrated C(4142) color (open circles, right hand axis) from Chun and Freeman 
(1979) on distance from the cluster center. The solid line is the theoretical projected 
CN ratio for a ratio of 8 strong to 3 weak stars for spherical r < 6' and 8 strong to 10 
weak stars for r > 6'.
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r > 17’
(B-V)
(B-V)
Figure 20: (a) The dependence of W(G) on (B-V) for giant branch stars beyond r = 
17'. Cyanogen strong stars are plotted as filled circles, cyanogen weak stars as open 
circles, (b) The dependence of W(G) on (B-V) for horizontal branch stars beyond r = 
17'. The symbols are the same as in (a).
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and HB stars. We therefore conclude that the CN - CH anticorrelation exists 
throughout the cluster, regardless of radial distance from the center.
The figures also indicate that the anticorrelation extends down to the bluest and faintest 
stars in our sample, V = 15.0 (My=1.6). This corresponds to log(L/Lo) = 1.3. 
Mixing, as developed in the meridional circulation theory of Sweigart and Mengel 
(1979), is predicted to begin at log(L/L0 ) = 1.6 on the GB for stars of [Fe/H] = -0.5. 
This luminosity is somewhat brighter than the faintest stars in our sample. It would be 
interesting to see how far down the giant branch this anticorrelation extends. Our data 
certainly give no evidence of an approaching cutoff, although there are few stars at the 
blue end of our sample. Data from Bell et al. (1983) suggest that the anticorrelation 
exists at the main sequence turnoff, though higher resolution spectra than were 
available to these authors would be needed to establish this firmly.
It appears at this stage that the Sweigart - Mengel meridional circulation theory fails to 
predict correctly the luminosity at which mixing should occur in all clusters for which 
C and N variations have been established [e.g. co Cen (Bell et al. 1981, Hesser et 
a/. 1985); M13 (Suntzeff 1981); NGC 362 (Smith 1983); NGC 6752 (Bell et al. 1984); 
M3 (Norris and Smith 1984)].
c) Dynamics
First, we compare the luminosity profile of Da Costa (1979) with theoretical surface 
density profiles from single-mass King and King-Michie models. This will establish a 
set of model parameters for 47 Tue. Second, we will combine our data with those of 
Mayor et al.( 1983), and Freeman and Da Costa (unpublished) to investigate the 
dynamics of this cluster and compare the velocity dispersion profile with theoretical 
predictions. Third, we shall see if there is any difference between the dynamics of the 
CN strong and CN weak groups.
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i) Luminosity Profile
Da Costa (1979) has published a luminosity profile for 47 Tue, for which the best fit 
for a single-mass King model (King 1966) is obtained when the central dimensionless 
central potential Wo = 8.7 (see his Figure la). We have also computed surface density 
profiles for the King-Michie distribution (Michie 1963), which differs from the the 
King model through an extra anisotropy term of the form exp(-ßJ2/2Ra2a 2) in the 
distribution function. Here J is the angular momentum, Ra is the anisotropy radius (in 
units of core radius), a  is the usual scale velocity dispersion, and ß is a parameter 
which gives the sense and level of the anisotropy. For a radial model, with ß = 1, the 
best eye fit is obtained for Wo=8.4, and Ra=40. For a tangential model with ß = -1, 
we find Wo = 9.5, and Ra = 50. In Figure 21 we plot the observed luminosity data of 
Da Costa (1979) as filled circles, the best eye fit for the King model as a solid line, and 
the best eye fits for King-Michie models with ß =1 and -1 as long and short dashed 
lines respectively. No curve matches the data exactly, although the isotropic and radial 
models (ß=0 and ß=l, respectively) both fit reasonably well. We note that the multi­
mass King-Michie models of Meylan (1988; see his Figure 1) approximate the 
observed profile more closely than the single-mass models. In the following sections 
we compare the predicted velocity dispersion of the best-fit King and King-Michie 
models, and the multi-mass King-Michie models of Meylan (1988), with our data.
ii) Rotation
Mayor et al.( 1984) and Meylan and Mayor (1986) showed that 47 Tue rotates in the 
inner regions (see their figures 3 and lb respectively). Assuming a rotation curve of 
the form
V(r)=Asin(a+<|>)+Vo,
where a is the position angle, and r the distance from the cluster center, a least squares 
fit to the velocity data gives ({> = -111°±15° and A = 2.9±0.6 km s*1. This phase value 
corresponds to a major axis position angle of 9 = 21°. This compares with a value of 0
134
^  -6
K ing-M ichie ß = 1
K ing-M ichie ß = - l
log(radius) (')
Figure 21: A comparison of theoretical luminosity profiles with the observed profile 
for 47 Tue. The observed data are represented by filled circles. A King model with 
Wo = 8.7 is plotted as the solid line. The short and long dashed lines are King Michie 
profiles with (ß = 1, Wo = 8.4, Ra = 40) and (ß = -1, Wo = 9.5, Ra = 35) respectively.
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= 33° derived by White and Shawl (1987) from star count data. Table 6 lists <{> and A 
as a function of radius. Columns (1) - (4) are the radius, A, and number of stars for 
each bin respectively. We have estimated the errors in these quantities by performing 
Monte Carlo simulations. The values in the table indicate that there is no significant 
variation in the position angle of the rotation axis with radius. The rotation amplitude 
for the outer radial bin is significantly greater than zero, a fact that is somewhat 
surprising as we would expect the rotation to tend to zero at the tidal radius. One 
possible explanation for the observed rotation is that it is being induced through tidal 
interaction with the Galaxy. If the rotation were tidally locked, then we would expect it 
to be of the order of 1.2 km s*1 at r = 30' (cluster galactocentric distance 8.2 kpc), and 
the major axis orientation 75°. Both of these values are reasonably consistent with the 
observed quantities. In addition, we note that the SW region of the cluster is receding 
from the sun with respect to the NE, as would be expected if the rotation were tidally 
locked. White and Shawl (1987) have statistically analyzed the major axis orientation 
of approximately 100 globular clusters and find no evidence for preferential orientation 
with respect to the Galactic center. However, the ellipticities were obtained from the 
cluster centers and Galactic tidal field would affect the rotation only in the outer regions 
of a cluster.
iii) Dispersion as a Function of Radius.
The true velocity dispersion, G^e, is given by
where £j is the error in the stellar velocity of the i th star. The error in Gt2 results from 
two sources. The first is the sampling error £s for a sample of N stars
^true^ ”  ^obs^ ' ^inst^*
Following Da Costa et al. (1977) the instrumental error, g^ ,  is defined as
N
i= l
e s  -  crtrue2(^) 2. 
1 3 6
TABLE 6
ROTATION VS RADIUS
Radius A (km s'1) <K°) N
(1) (2) (3) (4)
all r 2.9±0.6 -111+15 295
r - 6 ' 4.1±1.2 -120±40 104
6'-18' 2.2+0.8 -104±30 99
18’-36' 2 .1±0.8 -114125 90
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The second source of error, £i, comes from the estimate of the instrumental dispersion, 
and is defined as
where n* is the number of observations of the i th star. The error e in Gtme2 is then
e = (es2+ei2)1/2
The results are presented in Table 7. Column (1) gives the inner and outer radii of the 
annulus. Column (2) is the intrinsic dispersion Gtme- We also list atme,rot in column 
(3), which is the intrinsic dispersion after subtracting the cluster systemic rotation as 
given in Table 6. The error in the dispersions have been derived from the above 
equations. The number of stars in each radial bin is given in column (4). We also 
include the central velocity dispersion, derived from integrated light spectra by 
Illingworth (1976). The quantity A/a is approximately 0.4, indicating that the degree 
of flattening is consistent with being due to the rotation of the cluster.
Figure 22 shows the velocity dispersion, atme» derived from individual stellar spectra 
as a function of radius (filled circles). In the figure we also show the predicted run of 
dispersion for the single-mass King and King-Michie models described in § in c i). 
These are plotted as solid and short dashed lines respectively. The long dashed line is 
that of the multi-mass King-Michie model from Figure 3 of Meylan (1988; his model 
7). The theoretical curves have been scaled to produce a best fit according to a %2 test. 
The figure indicates that all three models provide reasonable fits to the observations. 
Illingworth's central velocity dispersion is also shown (open circle). It lies 
significantly below the value predicted by all the models: it is not clear at this stage 
whether the problem is with the model or with the data. This result remain essentially 
unchanged if we use Gtme,rot instead of Gtme- A similar effect can also be seen in the 
results of Da Costa and Freeman (1985), in which the single mass King model curve 
would provide an acceptable fit to the observations if one were to exclude Illingworth's
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TABLE 7
Dispersion vs Radius
Radius
(1)
^ tru e
(2)
^ tr u e .r o t
(3)
N
(4)
r - 2 ' 10.8±1.1 10.511.1 47
2 '-4 ' 9.1±1.0 8.411.0 39
4 '-8 ' 8.510.9 7.810.8 46
O
O i ►—*
 
to 8 .711.0 8.411.0 38
12'-16' 6.511.0 7.111.1 2 1
16'-20' 4.910.6 4.810.6 37
20'-24' 5.010.6 4.710.6 39
24'-28 3.910.7 4.110.7 18
28'-36' 3.011.0 2.111.0 8
139
King ß = 0
King-Michieß
Meylan
log(radius) (')
Figure 22: The observed velocity dispersions are compared with values predicted by 
single mass King (solid line) and King-Michie (short dashed line) models, and the 
multi mass King Michie (long dashed line) model of Meylan (1988, his Figure 3). The 
Filled circles are from individual stellar spectra, while Illingworth's central value is 
shown as an open circle. The fit of the multi-mass King Michie model is marginally 
superior to the other two.
140
central value. As these authors note (see also Meylan 1988), an excess of heavy 
remnants may be necessary in order to explain the low central velocity dispersion.
d) Velocity and CN data
We wish to examine the dependence of kinematics on CN type, so we divide our 
velocity data into two groups, CN weak, and CN strong. Using the data from all the 
above sources we again calculated the rotation amplitude and phase as a function of 
radius. Table 8 gives the results. Column (1) gives the radius of the bin, and columns 
(2) - (4) and (5) - (7) the amplitude, phase, and number of stars for the CN weak and 
CN strong groups respectively. The values in the table suggest that there is no 
difference, within the errors, in the rotation amplitude of the CN weak and strong 
groups. The results for the position angle are somewhat more confusing. The values 
are essentially identical within the errors, except for the intermediate radial bin of the 
CN weak stars. This result is more than 100° out of phase with the other values, and 
represents a 2g difference. This is probably a statistical fluctuation, rather than an 
intrinsic change in phase with radius. Even though there does not seem to be a 
difference in the rotation between the two groups, it is possible that we are looking at 
this cluster nearly pole on, with the result that any difference in the rotation of the two 
groups might be reduced to a level below the errors.
The velocity dispersion for the two CN groups is presented in Table 9 for different 
radial bins. Column (1) contains the limits of the radial bin, columns (2) - (3) and (4) - 
(5) the calculated true dispersion and number of stars for the CN weak and strong 
groups respectively. The greatest difference between the CN groups, of 3.2 km s_1 
(2.0g) occurs for the second most outer bin. In Figure 23 we plot intrinsic dispersion 
against radius for the CN strong objects (filled circles), and CN weak stars (open 
circles). The values indicate that the dispersions do not differ, within the errors, 
between the strong and weak CN groups, for any radial bin.
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TABLE 8
Rotation vs CN Strength
Radius
(1)
CN W eak
A (km  s '1) (j)(°)
(2) (3)
N
(4)
CN  Strong 
A (km  s '1) <j)(°)
(5) (6)
N
(7)
a llr 1 .5± 0 .9  -100130 121 3 .0 1 0 .9  -126120 114
l ' - 6 ' 4 .8 1 2 .5  -121140 23 1 .7 1 1 .6  -150140 44
6 '-1 8 ' 1 .9 1 1 .2  -220140 44 5 .1 1 2 .0  -102140 34
I V -36' 1 .510 .8  -86130 54 2 .6 1 1 .0  -153130 36
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TABUE 9
DISPERSION VS CN STRENGTH
Radius CN Weak CN Strong
G t r u e C k m  S - 1 ) N G t r u e C k m  S ' 1 ) N
(1) (2) (3) (4) (5)
1 '-4* 8.3±1.3 21 9.3±1.1 36
4 ’-8 ’ 7 .8±L6 12 10.7±2.0 15
8 '-1 2 ’ 8 .7± 1.7 13 8.2±1.4 17
12'-16' 6.8±1.3 14 4.8±1.6 5
16'-20' 5.1±0.8 21 4.2±0.8 16
20'-24' 5.1±0.7 25 4.811.0 14
24'-28 2.3+0.7 10 5.511.4 8
28 36' 2.4±1.4 5 4.412.1 3
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Radius (')
Figure 23: A plot of G^e vs radius for the CN strong stars (filled circles) and CN 
weak stars (open circles). There is no significant difference in dispersion between with 
two groups.
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V. DISCUSSION
The CN data presented in this paper, combined with that of NF and NFD, demonstrate 
conclusively the existence of a bimodal distribution in CN band strength in 47 Tue, and 
of a radial gradient in the ratio of the numbers of CN-strong to CN-weak stars. We 
find that the CN strong stars dominate in the center of the cluster by a factor of 1.8, 
while the CN weak stars are preponderant beyond r = 6' by a factor of 1.3. It is 
difficult to see how such a gradient could result from dynamical processes after 
formation (Da Costa 1977). Instead, it seems more likely that the radial gradient in the 
inner part of the cluster was established at the time of cluster formation and has 
persisted until the present time. The effects of dynamical relaxation would gradually 
homogenize the central region of the cluster. To investigate this further we have 
estimated the relaxation time for this cluster according to Spitzer and Hart (1971). The 
characteristic relaxation time, tr, at a distance r from the cluster center is given by
with Dmax the maximum impact parameter considered for the two body interaction 
(here set to the cluster core radius), Vtyp the typical stellar velocity (set to the rms value 
for an isotropic King model), M the stellar mass (0.8 M 0 for GB stars), Ma the 
average background stellar mass (0.45 M0 for globular clusters), p, the local cluster 
density at r, and a, the velocity dispersion (both determined from an isotropic King 
model).
We assume that the age of 47 Tue is 13.5 Gyrs (Hesser et al. 1987), and its present 
mass is 106 M0 (see Meylan 1988; also Da Costa 1977). We wish to find the radius 
at which the relaxation time of the cluster is equal to its cuiTent age. From the above 
data one finds that tr = 13.5 Gyrs at r ~ 5’. We may also use the results of Meylan 
(1988),who has calculated relaxation time as a function of radius for his multi mass 
King-Michie models. His Figure 3 indicates a present relaxation time equal to the
1.8E10 
In A
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cluster's age at r = 5.2'. These values should be not taken too seriously for our 
purpose because the present mass of this cluster is less than at formation time as a 
result of stellar ejection and mass loss. The cluster mass at formation may be 
calculated from a knowledge of the initial mass function, and the upper and lower mass 
cutoffs, mu and mi (Elson et al. 1988). For a mass function slope of x = 0.2 (Hesser 
et al. 1987), mu = 30 M0 and mi = 0.2 MQ, we find that the present mass of 47 Tue is 
only about 0.25 of its initial mass , corresponding to an increase of 50% in the 
relaxation time at a given radius (these values become 0.2 and 45% respectively for mu 
= 100 M0). With this reservation, we note that the local relaxation time becomes equal 
to the cluster age at about the radius where the CN ratio changes (r = 6'). This result 
supports our view that the CN strong group of stars are gradually diffusing out from 
an initially more concentrated distribution, through the effect of dynamical relaxation. 
That is, the CN strong stars (or those stars that were to become CN strong) 
predominated in the center of the cluster at the time of cluster formation, and are slowly 
mixing radially with the CN weak stars through two body interaction. Stars with 
strong CN beyond r — 6' may have formed in the outer regions of the cluster, or have 
been ejected from the cluster center through interactions with other cluster stars.
Chun and Freeman have found a radial gradient in (U-B) and (B-V) (see also 
Gascoigne and Burr, 1956), and in the mean color of the HB, while Smith (1979) 
found a radial gradient in Ca and Mg from integrated light spectra. In both cases, the 
data extends out to only about 7’, which makes a comparison with the radial gradient in 
the CN ratio reported in this paper impossible. We note, however, that the data of 
Chun and Freeman indicate a change in (U-B) and (B-V) at about 2.5'. From star 
counts, Chun (1976) has stated that "the number of bright stars seems to increase 
rapidly in the innermost region" (see also Lloyd Evans 1974). Attempts have been 
made to link the excess of bright giants in the cluster center with the radial color and 
abundance gradients through effects on the AGB (Freeman 1980). Alternatively, the 
observed phenomena might result, say, if CN strong stars have more rapidly rotating 
cores compared with the CN weak stars (Norris 1981; Freeman and Norris 1981).
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The larger angular momentum may induce early mixing in these stars resulting in the 
CN enhancements and the CN - CH anticorrelation. These stars would also reach a 
greater luminosity on the GB (Mengel and Gross 1976). With these points in mind we 
note that Norris (1987) has established an apparent link between cluster ellipticity and 
CN ratio, in the sense that those systems with a large observed ellipticity do not have 
low CN ratios. It is conceivable that high systemic rotation may be coupled to large 
stellar angular momentum in some stars, and that a gradient of stellar rotation may be 
associated with the observed CN gradient.
The only cluster for which a radial abundance gradient has been established is co 
Centauri (Norris, Freeman, and Seitzer unpublished). Both primordial (e.g. 
enhancements in Ca and Fe [see Norris and Freeman 1981 and Smith 1986 and 
references therein]), and evolutionary processes (CN and ON processing in GB stars 
[see Norris and Freeman 1981 and Smith 1986 and references therein; Paltoglou and 
Norris 1989]) appear to have played a role in creating the observed abundance patterns. 
The form of the gradient in this cluster is markedly different to that in 47 Tue. Omega 
Centauri has a continuous range in CN band strength, rather than the bimodality seen 
in 47 Tue, and instead of a change in the CN ratio, the upper limit of the broad CN 
distribution decreases with radius. It is tempting to suggest that the difference in the 
CN gradients is linked to the differences in the abundance patterns of these two 
clusters. It would be valuable to see if radial CN gradients exist in other cluster with a 
CN bimodality, such as M3, or in M22, which is chemically and structurally similar to 
co Centauri.
As shown in §111 c, we find that the two CN groups appear to have the same 
kinematical properties within the errors: similar rotation amplitude, PA of the rotation 
axis, and velocity dispersion at all radii.
This similarity in the kinematics of the two CN groups contrasts with the situation in co 
Cen, where there is some evidence that the CN weak stars are rotating more rapidly 
than the CN strong stars (Freeman 1985). Moreover, the velocity dispersion of the
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CN strong stars appears to off more rapidly with radius than that of the CN weak 
group (Freeman 1985), a result consistent with the CN strong stars being more 
centrally concentrated.
As mentioned in § I, there are two additional pieces of observational evidence that 
suggest that the CN variations in 47 Tue are primordial in origin. First, as Cottrell and 
Da Costa (1981) have shown, the sodium abundance of the CN strong stars is 
enhanced with respect to the CN weak stars. As it is currently thought that Na cannot 
be produced in present day, low mass, cluster stars, the sodium enhancement has its 
most natural explanation in primordial events. These authors identified 5 - 1 0  M© 
thermal pulsing AGB stars as a possible source of the Na enhancement. Second, Bell 
et al. (1983) have shown that there is a range in CN band strengths on the subgiant 
branch and main sequence turnoff. According to current understanding of 
nucleosynthesis in low luminosity stars, it is not possible for such stars to alter their 
surface abundances of carbon and/or nitrogen through evolutionary phenomena. One 
may speculate, however, that the sodium anomalies may be primordial in origin, while 
the the CN variations are the result of evolutionary process which occur at the main 
sequence turn off or earlier. For such a case, one would have to find a mechanism 
whereby only stars with a sodium enhancement undergo mixing. In addition, as Da 
Costa and Demarque (1982) have pointed out, one must overcome the difficulties of 
inducing early mixing which does not significantly alter the position of a star in the 
color magnitude plane.
It is possible that the observed correlation between CN band strength and Na line 
strength is the result of non-LTE effects or of peculiar atmospheric phenomena, such 
as temperature restructuring of the outer layers of the stellar atmosphere. In this regard 
it is worthwhile to note that the sodium abundance derived from the D resonance lines 
high in the stellar atmosphere and that derived from the % = 2.1 eV lines produced deep 
within the atmosphere are the same, suggesting that latter phenomenon above is not 
significant. The results of Campbell and Smith (1987) for 47 Tue, who found that the
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strength of low excitation KI lines does not correlate with similar lines of Na, also 
support this view.
A primordial scenario for the CN bimodality, however, cannot produce the CN - CH 
anticorreiation. Analysis of CN strong/CN weak pairs of stars on the GB, HB, and 
AGB, indicates that C is depleted by 0.2 - 0.3 dex in the CN strong stars with respect 
to the CN weak stars (GB : NFD; HB: Norris and Freeman 1982; AGB Norris and 
Cottrell 1978). For a pair on the HB, it has also been found that N is enhanced by 0.9 
dex in the CN strong stars with respect to the CN weak star. Smith and Norris 
(1982b) have argued that it is not possible to produce a second generation of stars 
where the carbon abundance is depleted sufficiently by the ejecta of a first generation. 
The observations are readily explained, however, by CN cycle dredge-up, where 
carbon is burnt to nitrogen which is then brought to the surface of the star.
One further point can be made from our data. We find that the ratio of CN strong to 
CN weak stars appears to remain constant with luminosity for stars that have evolved 
beyond My = 1.6 on the GB. If some stars have undergone mixing which has 
produced the CN enhancement, then this suggests that, after a star reaches My = 1.6 
on the GB, and possibly before then, mixing phenomena are either no longer affecting 
the surface abundance, or are producing little if any change in the CN band strength. 
The first of these suggestions seems unlikely. No present theory that we know of 
predicts such a cessation in mixing. As regards the second possibility, given that the 
depletions in carbon are not very great, one would expect even minor changes of say 
0.2 dex in C to dramatically alter the CN band strength. It has been shown that the 
strength of the cyanogen bands is greatest for a carbon depletion of 0.3 dex, and that 
further depletion reduces its strength (Langer 1985; Smith and Bell 1986). We would 
therefore expect the ratio of CN weak to CN strong stars to alter with evolutionary 
status, which we do not find. One possibility might be that that mixing proceeds much 
more slowly in the more metal rich clusters such as 47 Tue than in metal poor clusters 
like M92 (where there is a change in the mean stellar carbon abundance of 0.25 
dex/magnitude) so that it is only over many magnitudes that a change in CN strength,
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or in carbon abundance, would become apparent. This is consistent with the 
meridional circulation theory of Sweigart and Mengel where mixing occurs to the 
smallest degree in the most metal rich clusters due to the gradient in molecular weight 
(see also Bell and Dickens 1980).
VL CONCLUSIONS
The major results of this paper are as follows:
1) We find that there is no compelling evidence for a change in the ratio of the number 
of CN strong to the number of CN weak stars with changing evolutionary status from 
My = +1.6 on the GB to the HB, and probably to the AGB.
2) A radial gradient in the CN ratio for data presented in this paper exists at the 5% 
level. This confirms the results of NF. If all the available CN data are included, the 
difference between the ratios of r < 6' and r > 6’ is significant at the 0.15% level. In 
addition, it is possible that the change in the the ratio with radius may not be gradual, 
but rather an abrupt change to a lower value at r = 6' from the cluster center.
3) There is an anticorrelation between the strength of the blue CN band and that of the 
G-band down to the magnitude limit of our sample (V = 15.0, My = 1.6). This 
extends the result of NFD, who established that an anticorrelation exists down to V = 
13.6 (My = 0.2). This value is fainter than the luminosity at which meridional 
circulation is expected to begin.
4) The velocity dispersions of single-mass King and single and multi-mass King- 
Michie models fit the observed stellar dispersion out to the radial limit of the data. 
None of the models reproduce Illingworth's (1976) values of the central velocity 
dispersion. As Meylan (1988), and Da Costa and Freeman (1985) have noted, an 
excess of heavy remnants may be necessary to explain the low central dispersion.
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5) There does not appear to be any significant difference between the kinematics of the 
CN strong and CN weak groups of stars. The velocity dispersions of the two CN 
groups are not significantly different at any radius. The systemic rotation of the CN 
weak and CN strong groups are also not significantly different.
6) The 2-body relaxation time is equal to the cluster age (13.5 Gyrs) at a radius of 5' to 
6'. We suggest that the observed CN gradient is the result of outward dynamical 
diffusion of an originally more centrally concentrated population of stars that are now 
identified as CN strong stars.
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L ABSTRACT
Radial velocities have been obtained for two groups of stars, of approximately 40 giant 
branch stars each, in the Fornax dwarf spheroidal galaxy. The stars of one group lie 
within 2' of the center of the galaxy. The second group comprises two sub-samples of 
17 and 20 stars, located on the major axis, at about one core radius (17') either side of 
the center . We derive intrinsic dispersions of 9.4t};| km s"1 and 2.9 km s_1 for 
the center and one core radius regions respectively. The corresponding M/L for a King 
model is 2.9 while the method of core fitting results in a value of 3.8. These ratios 
indicate that this system does not contain significant amounts of dark matter within one 
core radius. The rotational velocity at one core radius is 3.5 ± 2.0 km s”1, which is 
inconsistent with the notion that Fornax was once a dwarf irregular system.
EL INTRODUCTION
There are seven dwarf spheroidal galaxies (dSphs) known to exist in the local group. 
These objects were once considered to be similar to Galactic globular clusters as they 
are free of dust and gas, contain RR Lyrae stars, and have star count profiles that are 
well fitted by King models (Baade and Swope 1961; Hodge and Michie 1969). There 
are, however, many important differences between these two types of systems. (1) 
The surface brightness is very low, indicating that the stellar density is much lower 
than in globular clusters. (2) Some dSphs are up to an order of magnitude more 
massive than typical globular clusters. (3) Photometry of the brightest stars in dSphs 
indicates that some have giant branches wider than can be explained by observational 
error. This suggests that there is a range in stellar abundance within these objects, 
which has been confirmed by high resolution spectroscopy [e.g.Draco (Zinn 1978; 
Kinman et al. 1981; Aaronson and Mould 1985), Fornax (Buonanno et al. 1985); 
Sculptor (Norris and Bessell 1978; Smith and Dopita 1983; Armandroff, Da Costa, 
and Zinn as reported in Da Costa 1988)]. (4) The discovery of upper asymptotic giant
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branch stars in 5 of the 7 dSphs implies the existence of a younger population of stars 
(Aaronson and Mould 1980; Mould and Aaronson 1983; Aaronson, Olszewski, and 
Mould 1983; Aaronson and Mould 1985). In 4 of these, the older population 
dominates, while in the Carina dSph, the younger may contain the majority of this 
system's mass (Aaronson and Mould 1985).
These discoveries, along with the fact that the number of dwarf ellipticals near 
dominant parent galaxies is greater than that of dwarf irregulars (dlrrs), while at greater 
distances from the cluster center the reverse holds, has led to the suggestion that dSphs 
were once dwarf irregulars that have been stripped of gas (Einasto et al. 1974; Lin and 
Faber 1983). This is supported by the work of Kormendy (1985); he finds that the 
relations between surface brightness, absolute magnitude and core radius for dSphs are 
similar to those for dlrrs, while the ellipticals galaxies constitute a quite different family 
(however, see Bothun et al. and references therein for a different view). More 
recently, Davies and Phillips (1988) have proposed an expanded scenario where blue 
compact dwarfs are an intermediate evolutionary stage in the transition from dlrr to 
dSph.
In order to understand the formation and evolution of these objects, it is important to 
obtain kinematical information about them so as to constrain the form of their phase 
space distribution functions and their dark matter content. The velocity dispersion 
profile can be compared with theoretical King models to investigate the presence of 
dark matter halos. The rotational velocity can be used to test whether dSphs were once 
dlrrs. Low luminosity dlrrs (-13 > Mb > -15) have well defined rotation curves (e.g. 
Tully et al. 1978; Carignan and Freeman 1985, 1988; Sargent and Lo 1986). Should 
these galaxies evolve into dSphs through gas stripping, one might also expect the 
resultant dSph to rotate. Several measurements have been made of the velocity 
dispersions of dSphs by observing a limited number of carbon and K-giant stars 
spread throughout these systems. Presently available results suggest that the smallest 
dSphs have the highest mass to light ratios [M/L = 100 for Ursa Minor and M/L = 40 
for Draco (Aaronson and Olszewski 1986a)], while the largest (Fornax and Sculptor)
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show little indication of the existence of dark matter, at least in the inner regions 
(Seitzer and Frogel 1985; Armandroff and Da Costa 1986). Unfortunately, the errors 
on the observed dispersions, and consequently M/L, are mostly large, as a result of the 
small sample size. Furthermore, it is very difficult to observe sufficient numbers of 
stars to obtain either the velocity dispersion as a function of radius or an estimate of the 
rotation velocity.
In this paper we present new results of the kinematics of the Fornax dSph. First, we 
have measured its velocity dispersion, both at its center and at one core radius, by 
observing many bright K-giant stars. This allows comparison with values predicted by 
King models, and provides some constraints on the dark matter content. We have 
also, for the first time, obtained information on the rotation of this system by 
measuring velocities of stars at ± one core radius from its center, along the projected 
major axis. The observed value can be compared with rotation estimates for an 
hypothetical dlrr of appropriate absolute magnitude that has been stripped of gas to 
form a dSph.
We have chosen this particular galaxy because it is the largest of these systems in the 
local group, and therefore has many bright K giants. Also, if the dlrr to dSph scenario 
is correct, and as the rotational velocity of dlrrs is correlated with their absolute 
magnitude, this dSph would be expected to show the largest rotation of any such 
systems in the local group.
The observational data and a discussion of our velocity analysis are presented in §11. 
In §m  we compare the observed velocity dispersions with values from a King model. 
We also discuss the relationship between dwarf irregular and spheroidal galaxies.
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HL OBSERVATIONS AND ANALYSIS
i) The Data
Candidate stars were identified from photographic photometry of a pair of IllaJ and 
IIIaF Anglo-Australian Telescope (AAT) prime focus plates. Instrumental magnitudes 
were derived from these plates, and psuedo-color magnitude diagrams produced. The 
Fornax giant branch was identified and stars lying between 0.5 and 1 magnitudes 
below the first ascent giant branch tip were selected. We shall adopt a distance 
modulus for Fornax of 20.9 based on photographic photometry to be published in a 
forthcoming paper by one of the authors (G. P.). This value is in good agreement with 
the values adopted by Demers and Kunkel ((m-M) = 21.0,1979), Vemer et al. ((m-M) 
= 20.8, 1981), and Westerlund et al. ((m-M) = 21.0/ 1987), but is 0.3 magnitudes 
greater than that derived by Buonanno et al. (1985). We believe that the photometry 
published in the latter paper may be too bright by a comparable amount (a similar 
discrepancy has been noted by Westerlund et al. 1987). Our adopted value 
corresponds to a giant branch tip magnitude of approximately V = 18.5. Thus, the 
identified stars have 19.0<V <19.5.
A central group of 42 stars was chosen which lies within a 215 square centered on RA 
= 2h 38m, Dec = -34° 46' (1950). Two groups of stars at about one core radius were 
also selected: 22 lie in a 115 radius circle located on the major axis centered at 17' NE 
of the center of Fornax, and 20 lie at the equivalent position to the SW. Tables 1 and 2 
provide information on our candidate stars in the central region and the one core radius 
regions respectively. Columns (1) - (3) list the star identification, and RA and Dec 
(1950 coordinates) respectively.
All observations were carried out on the AAT with the FOCAP multi object fiber 
system, and the RGO spectrograph using the 1PCS as detector. This provided 1 Ä per 
channel, corresponding to 60 km s"l ch"l at 5000Ä. Two fibers were located on blank 
sky to measure the sky spectrum.
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TABLEI
Data for Central Stars
ID RA (1950) Dec V l V 2 Av V
C41 2 37 53.1 -34 42 49 35.0 -32.4 33.7 1.3
C14 2 37 49.0 -34 42 36 46.0 44.4 0.8 45.2
C16 2 37 51.1 -34 42 46 31.7 30.1 0.8 30.9
C57 2 37 59.6 -34 42 27 22.1 20.4 0.8 21.3
C42 2 37 55.5 -34 42 37 38.3 50.8 -6.3 44.5
C28 2 37 51.2 -34 41 31 41.3 23.4 8.9 32.3
C29 2 37 55.7 -34 41 03 45.6 33.2 6.2 39.4
C70 2 37 53.0 -34 42 00 67.6 57.4 5.1 62.5
C62 2 37 51.6 -34 45 13 35.3 33.4 1.0 34.3
C44 2 37 56.3 -34 44 09 67.4 15.1 26.2 41.3
C26 2 37 48.5 -34 45 37 58.4 83.4 -12.5 70.9
C45 2 38 00.2 -34 44 18 49.2 38.7 5.3 44.0
C 7 2 38 02.3 -34 43 51 28.3 49.7 -10.7 39.0
C12 2 37 44.8 -34 45 35 36.7 45.9 -4.6 41.3
C40 2 37 52.1 -34 44 26 68.2 62.7 2.8 65.5
C43 2 37 56.1 -34 44 34 49.9 48.5 0.7 49.2
C63 2 37 49.8 -34 45 21 30.9 33.6 -1.3 32.3
C64 2 37 55.3 -34 46 16 72.5 34.1 19.2 53.3
C17 2 37 59.1 -34 45 02 67.2 56.6 5.3 61.9
C82 2 37 49.6 -34 46 05 67.8 53.6 7.1 60.7
C27 2 37 45.4 -34 45 54 42.1 35.8 3.2 39.0
C 8 2 38 07.5 -34 44 09 44.7 32.4 6.2 38.5
C13 2 37 46.8 -34 46 44 27.3 35.5 -4.1 31.4
C49 2 37 49.2 -34 46 47 47.0 24.7 11.2 35.9
C25 2 37 47.9 -34 46 15 19.8 44.1 -12.1 32.0
C54 2 37 55.2 -34 45 03 24.0 36.1 -6.0 30.0
C39 2 37 51.6 -34 47 24 33.5 66.3 -16.4 49.9
C ll 2 37 53.5 -34 46 31 42.1 39.1 1.5 40.6
C24 2 38 11.4 -34 45 26 44.9 64.9 -10.0 54.9
C79 2 38 03.1 -34 46 44 44.1 39.9 2.1 42.0
C50 2 37 58.6 -34 46 18 60.8 7.5 26.6 34.2
CIO 2 38 10.6 -34 44 58 11.9 10.3 0.8 11.1
C83 2 37 52.3 -34 47 04 63.9 54.8 4.5 59.4
C47 2 38 11.1 -34 45 59 67.3 42.4 12.4 54.8
C60 2 38 04.8 -34 45 09 21.5 26.4 -2.5 24.0
Cll 2 38 10.1 -34 47 06 25.9 32.9 -3.5 29.4
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TABLE 1 cont.
Data for Central Stars
ID RA (1950) Dec vi v 2 Av V
C76 2 38 07.5 -34 47 12 82.8 42.1 20.3 62.5
C 9 2 38 12.6 -34 47 23 67.4 37.8 14.8 52.6
C36 2 38 14.9 -34 46 56 50.5 6.5 22.0 28.5
C80 2 38 04.7 -34 47 00 33.1 18.8 7.1 25.9
C23 2 38 15.5 -34 46 31 62.7 57.5 2.6 60.1
161
TABLE 2
Data for Stars at One Core Radius
ID RA (1950) Dec v i v 2 Av V
SW2B 2 36 48.8 -34 55 03 4.6 77.5 -36.4 41.1
SW1D 2 36 46.7 -34 52 15 48.1 63.2 -7.6 55.6
SW1L 2 36 48.3 -34 53 50 53.1 -4.2 28.6 24.4
SW1E 2 36 47.7 -34 51 54 30.3 45.8 -7.7 38.0
SW3G 2 37 00.5 -34 54 26 29.0 27.3 0.8 28.1
SW2D 2 36 52.2 -34 53 57 11.2 15.5 -2.1 13.3
SW1A 2 36 51.4 -34 53 26 7.9 42.5 -17.3 25.2
SW1K 2 36 45.9 -34 52 57 32.8 12.0 10.4 22.4
SW3J 2 37 06.5 -34 53 04 56.6 49.7 3.5 53.2
62C 2 36 56.4 -34 58 01 33.5 17.8 7.8 25.7
SW3F 2 37 07.5 -34 54 11 34.3 20.0 7.1 27.1
SW3L 2 37 09.1 -34 54 07 22.3 37.2 -7.4 29.8
SW3H 2 37 04.9 -34 54 27 -29.9 58.4 -44.2 14.2
SW3I 2 37 08.1 -34 52 43 41.7 12.1 14.8 26.9
14 A 2 38 41.1 -34 33 48 46.9 63.1 -8.1 55.0
14L 2 38 39.3 -34 32 09 55.5 18.5 18.5 37.0
62F 2 36 59.7 -34 55 21 40.1 24.9 7.6 32.5
62D 2 37 00.4 -34 55 51 39.9 36.3 1.8 38.1
13H 2 38 47.4 -34 30 44 37.6 35.8 0.9 36.7
13B 2 38 42.7 -34 3146 17.7 14.9 1.4 16.3
62A 2 37 01.0 -34 56 32 29.5 50.0 -10.3 39.8
13D 2 38 47.5 -34 31 46 36.6 31.2 2.7 33.9
SW2E 2 36 55.4 -34 55 32 52.9 26.0 13.4 39.5
14G 2 38 35.7 -34 33 32 35.1 15.7 9.7 25.4
19D 2 39 12.6 -34 38 08 26.8 36.7 -5.0 31.8
19E 2 39 12.7 -34 38 32 17.7 52.1 -17.2 34.9
NE3D 2 39 01.7 -34 34 53 28.0 17.7 5.1 22.8
19F 2 39 13.9 -34 37 27 29.5 53.7 -12.1 41.6
19B 2 39 07.0 -34 36 53 36.5 74.6 -19.0 55.5
NE3C 2 39 03.9 -34 36 06 -16.3 2.1 -9.2 -7.1
19C 2 39 11.2 -34 37 26 37.4 49.1 -5.9 43.3
NE4D 2 38 50.9 -34 34 18 29.7 11.9 8.9 20.8
NE3A 2 38 59.2 -34 35 06 24.5 48.3 -11.9 36.4
SW1H 2 36 39.8 -34 52 47 57.3 28.5 14.4 42.9
NE4H 2 38 54.3 -34 32 17 31.5 66.8 -17.7 49.2
NE4K 2 39 01.8 -34 33 17 36.6 33.8 1.4 * 35.2
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TABLE 2 cont.
Data for Stars at One Core Radius
ID RA (1950) Dec vi V2 Av V
NE3E 2 38 54.5 -34 34 16 70.8 55.4 7.7 63.1
13J 2 38 51.6 -34 31 59 31.6 86.2 -27.3 58.9
NE4I 2 38 55.0 -34 33 12 84.5 38.8 22.9 61.7
NE4J 2 38 57.4 -34 33 50 48.8 9.7 19.5 29.2
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The stars in the one core radius regions were observed on 1985 November 11. A 
series of 14 exposures of 1000 s duration, alternated with 100 s arc frames, were 
obtained. The central region stars were observed on 1987, October 27 . Because of 
poor weather, only six exposures of 1000 s duration, bracketed by 100 s arc frames, 
were obtained. Several velocity standards in the globular clusters 47 Tucanae (A22 
and C58 [Chun and Freeman 1978], [Fe/H] = -0.7, Zinn and West 1984) and NGC 
362 (2108, 2127, and 2213 [Harris 1983], [Fe/H] = -1.25, Zinn and West 1984) were 
observed.
ii) Data Reduction
The velocity standards were wavelength calibrated, and cross correlated using standard 
techniques (see Da Costa et al. 1977). Their spectra were correlated with star A22 of 
47 Tucanae, and summed to produce one velocity template spectrum, after shifting to a 
common velocity, for subsequent correlation with the Fornax stellar spectra.
The Fornax stellar and arc spectra were extracted from the IPCS frames, summed, and 
then wavelength calibrated in a similar fashion to the globular cluster star spectra. In 
order to evaluate the instrumental error in the derived velocities, we created two 
independent spectra for each star, one consisting of the sum of the first half of the 
exposure series, and the other of the second half. The total number of counts was 
typically 100 - 200 counts per channel for both the 1985 and 1987 data. For the 1985 
data, we found that the dark current accounts for an average of 29 counts per channel, 
while the average sky and stellar signals are 44 and 70 counts per channel respectively. 
For the 1987 spectra, the corresponding values are 38, 47 and 80 counts per channel 
respectively. Thus, the total count for both years is about the same, despite the longer 
exposure time for the earlier data. We attribute the difference in count rate to variations 
in seeing, sky transparency, and detector efficiency.
To remove the effects of the dark count, a smoothed "dark" spectrum was subtracted 
from all spectra. This spectrum was derived from unexposed rows of the frame and
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smoothed with a gaussian of FWHM = 20 pixels. We remove the effects of dark count 
and sky separately as the dark count is approximately constant across the whole IPSC 
frame, while the contribution of the sky depends on the transmission of the fiber.
Sky subtraction is a problem, because we have only two sky fibers. The two sky 
spectra each contain only about 45 counts per pixel, and our stellar spectra have less 
than 100 counts per pixel. Direct sky subtraction would therefore introduce a 
significant amount of extra (correlated) noise into the individual stellar spectra, because 
the same noisy sky spectrum would be subtracted from each stellar spectrum. This 
would systematically affect the stellar velocities derived by cross-correlation against the 
template spectrum. As a check on the effect of not sky subtracting, we correlated the 
sky spectrum against the template. This showed only a very weak correlation, which 
would not affect the stellar velocities. We therefore decided not to subtract the sky 
spectrum directly.
The raw spectra from each observing run contain several weak night sky emission 
features, and some level o f sky subtraction appeared desirable to remove these 
features. After some experimenting, we adopted the following procedure. (1) The 
individual sky emission features were excised from the summed sky spectrum. (2) 
The remaining spectrum was heavily smoothed with a gaussian filter (FWHM = 40 
pixels). (3) The sky emission features were lightly smoothed with a gaussian filter 
(FWHM = 2 pixels), and were then patched back into the smoothed sky spectrum. (4) 
This pseudo-sky spectrum was then subtracted from each stellar spectrum, according 
to the relative throughput of each fibre as determined from exposures on the twilight 
sky.
The sky subtracted spectra were now cross-correlated with the velocity template. The 
velocities derived from the two spectra of each star for the 1987 (center) data, vi and 
V2 , are given in Table 1, columns (4) and (5). In columns (6) and (7) we list the 
quantities Av = ^<vi-V2 ), and the mean velocity v = ^(vi+V2 ). The corresponding 
results from the 1985 (one core radius) data are given in Table 2.
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Finally we compared our stellar velocities with and without sky subtraction: the 
differences in the systematic velocity and in the velocity dispersion were negligible, as 
we would expect from the lack of correlation between the sky and the template 
spectrum.
iii) The Velocity Dispersion of Fornax
Our data allow us to estimate the velocity dispersion of the Fornax system at its center 
and at about one core radius. We begin with the data at one core radius (Table 2). It 
will be shown in the next section that the systemic velocities of the NE and SW 
subsamples are very similar, so they are combined here for the purpose of estimating 
the velocity dispersion. Removing the rotation derived in § II iv) makes no essential 
difference to the velocity dispersion estimate. The sample includes 40 stars, each with 
a mean velocity v and an error estimate Av. The distribution of Av represents the 
distribution of the measuring errors: the standard deviation g Av of the distribution of
r
Av is the instrumental error e[ of v. For the whole sample of 40 stars in Table 2, gAv= 
15.4 km s"l. The estimate of the true velocity dispersion is G2 ^ ^  = G2obs - G2Av 
where G2obs is the variance of the distribution of v, so good estimates of both g Av and 
Gobs are needed. In particular, it is necessary to remove extreme outliers that probably 
do not belong to the true distribution of Av and v. We chose to remove such outliers 
by a 2.5-g clip, appropriate to the number of stars in the sample. Inspection of the 
distribution of Av shows that two stars, SW3H and SW2B, have large values of lAvl 
and are rejected from this distribution by an iterative 2.5-g clip. Similarly, one star 
(NE3C) is rejected from the distribution of v. The resulting parameters are g Av =  
12.74 km s'* and Gobs = 13.06 km s'1, so G2 ^ ^  = 8.25 (km s-1)^. The error e in 
^true derived following Da Costa (1977): 8 = (e2st + e2i)1/2 where est = (2/N)1/2 
G2true is the sampling error and = (2N)1/2 e2j /(N -l) is the instrumental contribution. 
The value of e is 37.8 (km s-1)2, so G ^e = 2.9 tf .9 km s_1 at one core radius. The 
systemic velocity of this sample is 36.1 ±2 . 1  km s_1, where the quoted error is the 
standard error in the mean.
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In a similar analysis for the data at the center of the Fornax system (Table 1), one star 
(C41) is rejected from both distributions. The resulting parameters are a^v = 10.15 km 
s_1, a obs = 13.83 km s_1, e = 30.8 (km s '1)2 and Gtrue = 9.4 t\; i  km s*1. The 
systemic velocity of the central sample is 42.6 ± 2.2 km s_1.
Our values for the velocity dispersion at the center and at one core radius should be 
compared with those derived by others. Seitzer and Frogel (1985) estimated a 
dispersion of 6.4 ± 3 km s_1 from 5 carbon stars distributed over the Fornax system. 
Aaronson and Olszewski (1986b) measured 7.8 ± 3.2 km s"1 for the velocity 
dispersion of three globular clusters, and their estimate of the heliocentric velocity of 
the Fornax system is 55 ± 5 km S'1.
iv) The Rotation of Fornax
From the data in Table 2, we can estimate the rotational velocity of the Fornax system. 
The sample includes two subsamples at a distance of about one core radius along the 
major axis; there are 20 stars at a mean distance of 17' to the NE and 19 stars at a 
similar distance to the SW. The difference in the mean velocities of the two groups is 
<v>sw - <v>ne = 6.9 ± 4.0 km s‘l, so the major axis rotation at 17' from the center of 
Fornax is 3.5 ± 2.0 km s"l.
The values given here for the velocity dispersion and rotation of Fornax supersede the 
preliminary values reported by Paltoglou and Freeman (1986) for the stars at one core 
radius from the center. Our earlier velocities were affected by inadequate sky 
subtraction procedures, which caused us to underestimate the velocity errors.
IV. DISCUSSION
i) The Velocity Dispersion of Fornax
Before discussing the radial change of velocity dispersion in Fornax, we need to derive 
its characteristic length scales. Using star counts from UK Schmidt plates (Watt and
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Freeman, 1988), we have determined the major axis number density profile. The 
isopleths from these star counts are shown in Figure 1. For each contour, the 
equivalent radius r* (defined as the radius of the circle whose area is equal to that 
defined by the contour) was calculated. Also, ellipses were fitted to each contour to 
derive the major axis a, ellipticity 8 = a/b, and position angle 9. These parameters are 
given in Table 3.
TABLE 3
FORNAX LUMINOSITY PROFILE DATA
number density 
(arb units)
r*
(’)
a
O
9 e
(° E of N)
49 4.7 5.5 91.5 1.31
35 9.0 10.2 55.0 1.31
25 11.9 13.3 46.5 1.24
15 15.7 18.5 45.0 1.37
9 19.1 22.6 45.0 1.38
5 22.7 27.1 42.0 1.40
2 28.5 33.9 42.0 1.37
Our values for e and 0 agree well with those of Hodge and Smith (1974: 9 = 49° ± 2, e 
= 1.37 ± 0.4) and Eskridge (1988: 9 = 40° ± 2, e = 1.43 ± 0.04). Figure 2 shows log 
(count number density) against log (r*). The solid fitted curve is a King model (King, 
1966) with W0 = 2.0, corresponding to rt/rc = 3.2. For comparison, rt/rc = 5.6 for the 
Sculptor dSph (Hodge and Michie, 1969). From Figure 2, the core radius of Fornax 
is 1618 and its rt is 5318; with the adopted distance modulus of 20.9, the core radius is 
740 pc. The same King model fitted to the major axis profile gives rc = 2010 and rt = 
6410. These values are in fair agreement with those of Hodge and Smith (1974: rc = 
14', rt = 76'). Eskridge (1988) derived a value of 1617 for rc and 108' for the tidal 
radius along the major axis. We believe that Eskridge's tidal radius estimate is strongly
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X (a r c  m in )
Figure 1: Isopleths derived from star counts from UK Schmidt plates for the Fornax 
dSph. The smooth curves are best fit ellipses. See Table 3 for ellipse parameters. The 
contour levels are 2, 5, 9, 15, 25, 35, and 49, in arbitrary units.
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Figure 2: Log(number density) against log(equivalent radius r*) for the star counts. 
Theoretical curve from a King model with W0 = 2.0 is superposed on the observed 
points. The indicated core radius is 1618, with a tidal radius of 5318.
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dependent on the method of background star subtraction (contour fitting or ellipse ring 
counts: see his Figure 2), and may be an overestimate.
The total luminosity can now be derived. From Peterson and King (1975, equation 1) 
the central surface density of a King model is f0 = prcpo> where p0 the central space 
density, and p is a model dependent parameter: p = 1.29 for W0 = 2.0. From King 
(1966, equation 40) the total mass M = p0rc3ji, where j i  = 2.75. It then follows that 
the total luminosity L = rc2|iIo/p, where I0 is the central surface brightness. For 
Fornax we adopt a value of 23.3 V mag (arc sec)*2 (Hodge and Smith 1974). Then the 
total visual luminosity is 2.0 x 10^ L0 , corresponding to V = 7.46 and Mv = -13.44: 
we will adopt these values for the rest of the paper. We note that our value for V is 
significantly brighter than that of de Vaucouleurs and Abies (1968, V = 8.41) and 
Hodge (see Aaronson and Mould 1980, V = 7.82), while our value for the absolute 
magnitude is brighter than that used in recent papers on dSphs (e.g.Aaronson and 
Mould 1985).
Later we will discuss the possibility that Fornax is a disk system. We therefore show 
in Figure 3 the surface number density against the major axis distance a, as appropriate 
for disk systems. Because of the well known exponential nature of the light 
distribution in disk galaxies, a linear fit to the log (density) - radius data is also shown. 
The fit is fair, although not as good as the King model in Figure 2. This was also noted 
by Eskridge (1988). The scale length for the exponential distribution is 818 = 385 pc.
Figure 4 shows the observed velocity dispersion against radius. The solid curve is the 
projected line of sight velocity dispersion for a King model with W0 = 2. The data are 
consistent with the King model, although the large errors mean that the fit is not tightly 
constrained. The central projected velocity dispersion is 9.4 km s*1. Assuming that 
Fornax is well represented by a King model, we can then estimate its mass. From 
Illingworth (1976) the mass M = 167 ji c 2 rc, where a  is the scale velocity dispersion 
that appears in the distribution function: f(E) = exp(-E/a2) - 1, where E is the energy.
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radius (arc min)
Figure 3: Ln(number density) against major axis radius in arc minutes. A least 
squares linear fit to the points is shown. The indicated disk scale length is 8! 8.
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Figure 4: The dependence of intrinsic velocity dispersion on radius for Fornax. The 
solid curve is the relation predicted from a King model with W0 = 2.0. The observed 
dispersions are consistent with the theoretical values, although the model is not tightly 
constrained because of the large errors. There is little indication of dark matter in this 
system, at least out to one core radius (see text).
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For most globular clusters, the projected central velocity dispersion Gp(0) is within 
about 10 percent of a. However, with a central potential Wo = 2, the distribution 
function of Fornax is more severely truncated than for most globular clusters, and 
numerical integration shows that Gp(0) = 0.65 G. It then follows that the mass of 
Fornax is 5.8 x 10*7 MQ and its M/Ly ratio is 2.9±1.0.
We can also use the less model dependent method of core fitting described by 
Richstone and Tremaine (1986; see also Rood et al. 1972) who give
. . .  _ 9ap2(0)M/L as r\-----L------
2jtGIoRhb
where Rhb is the radius at which the surface brightness falls to half its central value 
(1014 or 460 pc for Fornax). The constant ri is very close to unity for a wide variety 
of systems, as may be seen in Richstone and Tremaine (1986). While their estimate of 
H as a function of W0 extends only down to 3.0, it appears unlikely that rj lies outside 
the range [0.9,1.0] for W0 = 2.0 (see their Figure 1). If we take r\ = 1.0, then M/Lv = 
3.8.
These values for M/Ly are similar to those calculated for globular clusters (see e.g. 
Illingworth 1976; Da Costa and Freeman 1985; Meylan 1988), and suggest that there is 
little dark matter in Fornax. We would add, however, that our adopted distance 
modulus and total apparent magnitude lead us to derive what is probably a conservative 
lower estimate of M/Ly, and would caution that these two quantities are still somewhat 
uncertain for Fornax. For example, if (m-M) = 20.6 (as suggested by Buonanno et al. 
1985) and V = 7.82 (Hodge, see Aaronson and Mould 1980), then the above values 
for the mass to light ratio increase by nearly a factor of two. In this scenario, the case 
for dark matter is still not clear, as such a mass to light ratio might be the result of a flat 
mass function (e.g. Elson et al. 1988). Furthermore, the above methods for 
calculating M/L are not appropriate for an anisotropic velocity dispersion, nor for a 
system in which the distribution of any dark matter does not follow that of the 
luminous material. Our M/Ly values highlight once again the apparent difference
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between the largest dSphs and the smaller dSphs, Draco and Ursa Minor (M/Ly = 40 
and 100 respectively, Aaronson and Olszewski 1986a; Kormendy 1987a). In fact, the 
values for these two dSphs are probably lower limits as they have not been corrected 
for projection or the mean distance of the stars from the object center.
Even though our data suggest that there is little dark matter in the center of Fornax, we 
should stress again that, if the distribution of dark matter is significantly different from 
that of the luminous material, then our M/L estimates would not represent the system as 
a whole. For example, if there exists a dark isothermal halo around Fornax, as seems 
to be the case for most spirals and dlrrs (Carignan and Freeman 1985; 1988 ; Comte et 
al. 1986; Sargent and Lo 1986), then we may have to look yet further out from the 
center of this system in order to see its dynamical effects (see also Kormendy 1987a).
ii) The Rotation of Fornax
Is the rotation of Fornax consistent with its being the remnant of a dlrr? Should a dlrr 
evolve into a dSph through the removal of gas, then what would we expect the rotation 
of the resultant galaxy to be? As the most simple estimate, let us assume that Fornax is 
a self gravitating exponential disk (i.e. has a surface density represented by L = 
Zoexp(r/h)), which is free from any dark matter except heavy stellar remnants (neutron 
stars and white dwarfs) resulting from normal stellar evolution, and is not surrounded 
by a dark halo. We take the mass to light ratio of the old stellar component of Fornax 
to be that of a single age, old (14 Gyr) population of stars with a mass slope of x = 1.0 
(suggested as representative of intermediate metallicity Galactic globular cluster 
[McClure et al. 1986]), where x = 1.35 for the Salpeter function. From Elson et al. 
(1988) the corresponding M/Lv is about 5.0 (see also Larsen and Tinsley 1978). For 
the young component, which comprises an estimated 25% of the total stellar mass of 
this system (Aaronson and Mould 1985), we adopt an age of 3 Gyr and x = 1.0. The 
corresponding mass to light ratio is 1.3 (Elson et al. 1988), which leads to a global 
M/Ly of 2.9; this is typical of disk M/L ratios (e.g. Carignan and Freeman 1985). The 
mass of Fornax is then 5.8 x 10*7 m q . At radii between about 1.5 and 3.5 scale
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lengths, the circular velocity of an exponential disk is about O.öCGM/h)1/2, = 11.2 km 
s '1 with the above parameters for Fornax. We have derived the apparent rotation 
velocity of Fornax of 3.5 ± 2.0 km s '1 at approximately 1 core radius (2 scale 
lengths). In order to compare this value with the theoretical velocity, we must first 
correct for the inclination of Fornax. Again assuming it to be a disk with an intrinsic 
axial ratio, q, of 0.12, then the inclination to the line of sight, i, is given by
sin2( / ) (1 - e-2) 
(1 - q l )
where e = a/b. For e = 1.4, i = 45°, corresponding to an intrinsic rotation of 4.9 ± 2.8 
km s '1. A rotation velocity of 11.2 km s '1 for the self consistent disk therefore lies at 
the 2.2-g upper limit of our observational results.
It is preferable to approach this problem directly from an observational point of view. 
Dwarf irregulars and spirals brighter than Mb = -1.3.0 have well defined rotation 
curves (e.g. Tully et al. 1978; Carignan and Freeman 1985; Carignan et al. 1988). For 
example, for DDO 125 (Mb  = -1.5.9) and Ho I (Mb = -14.4) Tully et al. (1978) find 
rotation values corrected for inclination of approximately 19 and 20 km s '1 
respectively. At lower luminosities, Mb > -13, the rotation velocity becomes 
comparable to the chaotic motion (Sargent and Lo 1986). The Tully-Fisher law relates 
the absolute blue magnitude, Mb, of a disk-like system to its maximum rotation 
velocity vr:
-MB = 19.4 + 5*(log vr - 2.2)
(de Vaucouleurs et al. 1983) where Mb is the absolute B magnitude, and vr is the 
maximum rotation velocity of the disk. This equation appears to hold, in general, 
down to the faintest dwarfs studied (e.g. Ho I, Mb = -14.4 [Tully et al. 1978]; NGC 
3109, Mb = -16.84 [Carignan and Freeman 1985]). For a few systems with Mb £ -14 
the equation may underestimate the rotation velocity (e.g. DDO 47 [Comte et al. 1986]; 
DDO 127 [Kormendy 1987a]; DDO 154 [Carignan and Freeman 1988]), perhaps due 
to the effects of a massive dark halo .
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We estimate the absolute blue magnitude of Fornax to be -12.8 (assuming (B-V) = 
0.63, de Vaucouleurs and Abies 1968). Before comparing the rotation of Fornax with 
that of dlrrs, we need to estimate the magnitude that it would have had as a dlrr. On 
theoretical grounds, Lin and Faber (1983) suggest a fading of between 0.8 and 4.3 
magnitudes in V from a dlrr to a dSph (see also Bingelli 1986). There are two 
empirical pieces of evidence that weakly support a fading factor of several magnitudes. 
First, the M/L ratio for the most luminous dSphs are or order 3, but for the faintest are 
much larger (M/L = 60), with a discontinuity in the value of the ratio at about Mb = - 
9.5 (Freeman 1987). For dlrrs, a similar discontinuity, from M/L * 2 to 15, is 
apparent, but at the brighter magnitude of Mb = -12.5 (see Table 1 Sargent and Lo 
1986). If dSphs have evolved from dlrrs, then this may suggest that the fading has 
been about 3 magnitudes. The second piece of evidence also comes from the M/L 
ratios. For the faint dlrrs (-12 £ Mb £ -9) the global M/L is about 15 (Sargent and Lo 
1986). For the dSphs of lowest luminosity (Mb « -8.5) M/L (global) is of order 60 
(Freeman 1987). This suggests a fading of about 1.5 magnitudes. We shall adopt a 
conservative value for the fading of a dlrr of 1 magnitude. Then Fornax, as a dlrr, 
would have Mb = -13.8. From the Tully Fisher law, the expected velocity is 12.0 km 
s_1. This is again significantly larger than observed.
We have so far ignored the dynamical readjustment of a system after stripping in 
comparing the observed rotation of Fornax with the estimated rotation of the parent 
dlrr. Sommer-Larsen (1988) has examined the effects of slow decay of matter from a 
self gravitating system. The system undergoes an expansion by a factor of f_1, where f 
= Mfinal/Minitial. without altering the general structure. This result is directly 
applicable to the slow removal of gas from a dlrr. If Fornax was once a dlrr with Mb 
= -13.80 say, then after stripping of gas, what would we expect its rotation to be? If 
we assume a ratio of stellar mass to HI mass of 1 (see e.g. Sargent and Lo 1986), then 
after stripping it would expand to twice its gas rich size, and the rotation velocity for a 
constant value of r/h would decrease by a factor of 2. The rotation velocity for the dlrr
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Ho I (Mb = -14.4) is about 20 km s_1 at r = 1.5h Tully et al. 1978), and after stripping 
would be 10 km s*1, significantly larger than our value for Fornax.
Even though on theoretical grounds we might expect stripping to cause a system to 
expand, the results of Kormendy (1985) suggest otherwise. His Figure 3 indicates 
that the core radius of a dSph would be smaller than that of its precursor dlrr (see also 
Kormendy 1987b). It is unclear why this would be the case. The inconsistency in the 
relative sizes of dlrrs and dSphs is also apparent for Ho I and DDO 125, which have 
characteristic scale lengths of order h = 2 kpc (Tully et al. 1978), and Fornax with h * 
480 pc.
The work reported in this paper does not support the suggestion that Fornax was once 
a dlrr. The observed velocity dispersion and the low rotation are consistent with a 
stellar King model with little dark matter; in this sense Fornax appears kinematically 
similar to Galactic globular clusters. We cannot rule out the presence of dark matter 
beyond one core radius, and work is continuing on obtaining velocities for stars at two 
core radii, where the dynamical effect of dark matter may be observable. Finally, our 
data indicate that the rotation of Fornax is small and that it is probably not a disk-like 
system: this does not favor the evolution of dlrrs to dSphs.
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CHAPTER 5 
Conclusion
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L CONCLUSION
The work reported in this thesis has centered on the spectroscopic and photometric 
study of stars within three Population II systems: the Galactic globular clusters co 
Centauri and 47 Tucanae, and the Fornax dwarf spheroidal galaxy. The observations 
carried out on each of these objects have led to an increased understanding of the 
dynamical and evolutionary processes of these systems and the nucleosynthetic 
processes that occur within individual stars. This, in turn, allows one to suggest 
further avenues of study in these three objects in particular, and Population II systems 
in general, that may prove profitable. I will now summarize the work carried out and 
my resultant conclusions, and discuss what further observations would be valuable to 
obtain.
•  The Chemically Peculiar Galactic Globular Cluster co Centauri.
Rationale — previous photometric and spectroscopic observations of this system 
showed that there were large star to star variations in the abundance of almost all 
elements studied. A combination of primordial and evolutionary processes 
appeared necessary to explain the observations. However, the exact nature of the 
processes active in this cluster are far from clear. Of particular importance in 
nucleosynthesis events is the element oxygen, which is produced in stars of high 
mass as a result of supemovae, and is involved in the CNO cycle. Determining the 
stellar oxygen abundance provides information on both evolutionary and primordial 
events. In addition, the abundance trends in this cluster were only hinted at rather 
than fully established by previous studies.
Observations and Results — High resolution spectra and (V-lji) colors were 
obtained of fifteen stars and abundances derived for C, N, O, and the heavy
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elements (in particular Na, Ca, Fe, and the s-process nuclei Zr, Ba). From the data 
the following results wer obtained.
i) There is a range in iron abundance, of order 0.6 dex.
ii) The data provide conclusive evidence for the mixing of CN- and ON-cycle 
processed material to the surface of globular cluster red giants.
iii) As with all other clusters which show a range in nitrogen abundance, [Na/Fe] 
appears to be positively correlated with [N/Fe]. The largest sodium 
enhancements are associated with carbon and oxygen depletions. This 
suggests that sodium enhancement is linked to phenomena which drive mixing. 
An enhanced nitrogen abundance, however, is not a sufficient condition for the 
occurrence of sodium enrichment.
iv) The alpha process elements silicon and calcium are both overabundant with 
respect to oxygen and iron, and our data corroborate previous work indicating 
a correlation between [Ca/Fe] and [Fe/H]. In stars that have not undergone 
mixing, O is less overabundant than Si and Ca.
v) The s-process elements zirconium, barium, and lanthanum are generally 
overabundant for the stars in our sample. [Ba/Fe] increases steeply with 
increasing iron abundance, suggestive of a primordial origin for much of the 
enhancement. No correlation was found between the behavior of [s/Fe] and 
that of the CNO group. If the s-process enhancements are related to mixing 
phenomena, the enrichment process is unconnected with that which leads to the 
observed CNO variations.
The large enhancements in oxygen that one might expect from Type II supemovae 
enrichment are not seen in our data, indicating that these objects have not been the 
most important source of element enhancement in co Cen. Nomoto et al. (1984) 
show that carbon deflagration supernovae may eject significant quantities of Fe, Ca,
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Si, and O, as well as s- and r-process elements. The points i), iv), and v) above are 
more adequately explained as the result of enrichment by such objects.
Further work — One of the major questions not clarified by my work is the 
relationship between the abundances of N, Na, and Fe. As both Fe and Na are not 
thought to be produced in low mass stars, while N clearly is, it is important to 
establish the nature of any abundance trends between these elements.
It is not clear what the ratio of the abundance of light s-process elements (e.g. 39Y, 
40Zr, and 56Ba) and heavy s-process nuclei (e.g. 57La, 60Nd) is and whether it 
varies with overall abundance. As this ratio depends on the neutron flux one may 
be able to constrain the sites of s-process manufacture from a knowledge of this 
ratio. Furthermore, the isotopic composition of Mg also depend on the strength of 
the neutron flux. The reaction 22Ne(a,n)25Mg provides and important source of 
neutrons resulting in the production of s-process nuclei. If it is active, 25>26Mg 
would be expected to be enhanced A knowledge of the 24Mg/25Mg and ^Mg/^M g 
ratios would help to further constrain the nucleosynthesis processes active in co 
Centauri.. This program is probably beyond the capabilities of current telescopes 
because of the high signal to noise spectra required (S/N £ 100).
What are the abundances of the r-process elements in this cluster? The s-process 
products show a strikingly different trend with Fe to that of the halo stars. We have 
no information on the r-process elements such as europium in this cluster. This 
element has essentially solar abundance with respect to iron regardless of metallicity 
for stars in the halo as is expected for an r-process element.
•  The Metal Rich Galactic Globular Cluster 47 Tucanae.
Rationale — The distribution of the strengths of the cyanogen bands have been 
shown to be bimodal. In addition, there is evidence for a radial gradient in this 
distribution, in the sense that the CN strong stars dominate in the center of the
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duster, and the CN weak objects in the outer. Such a gradient, if real, could not 
result from processes active after cluster formation. A primordial mechanism must 
therefore be sought. This is important as there are further observations of 
phenomena related to the CN bands strength that are suggestive of evolutionary 
processes producing the bimodality. It is therefore important to establish whether a 
radial gradient exists and whether there is any kinematical difference between the 
CN strong and the CN weak stars.
Observations and Results — Spectra were obtained of a large sample of cluster stars 
identified from photographic photometry and derived CN band strengths and radial 
velocities. These data were combined with published and unpublished data to 
examine the distribution of CN band strength and the kinematics of these stars. 
From the data one concludes:
i) A radial gradient in CN exists at the 0.15% confidence level. The distribution 
is not sufficiently well defined to state what the space CN ratio is. As an 
example, it is shown that the data are consistent with a constant ratio of 8 CN 
strong to 3 CN weak stars within a spherical radius of 6', and a ratio of 8 
strong to 10 weak beyond this radius.
ii) There is no difference in kinematics (velocity dispersion or rotation) between 
the CN strong and CN weak stars, within the errors. This contrasts with co 
Centauri, where the velocity dispersion of the CN strong stars falls off with 
radius more rapidly than that of the CN weak stars, and the CN weak group 
may have a larger systemic rotation.
iii) Single-mass King and King-Michie models and multi-mass King-Michie 
models fit the velocity dispersion profile as determined from individual stellar 
spectra. The models predict a central dispersion that is significantly higher than 
the value derived from integrated light spectra. The multi-mass model is 
marginally superior in this respect and in fitting the luminosity profile.
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iv) There is no compelling evidence to suggest a change in the ratio of the 
number of CN strong to the number of CN weak stars with advancing 
evolution from My = +1.6 on the GB to the HB.
v) The estimated 2-body relaxation time is equal to the cluster age (13.5 Gyrs) at 
a radius of 5' to 6’. This suggests that the observed CN gradient is the result 
of outward dynamical diffusion of an originally more centrally concentrated 
population of stars that are associated with the CN strong stars.
vi) The anticorrelation of the CN and CH bands extends down to the faint limit 
of our sample (V = 15.0, My = 1.6). This is below the luminosity where 
meridional circulation is expected to affect the surface abundance.
Further Work — The existence of radial gradients in globular clusters is still a 
contentious issue. Only in co Centauri and now 47 Tucanae are radial abundance 
gradients confirmed. These are the only two clusters for which sufficient numbers 
of stars have been observed to identify a gradient, and one therefore suspects that 
such radial gradients may be more common that previously realized. Cyanogen 
observations of the bimodal cluster M3, and M22 (which displays abundance 
peculiarities similar to co Centauri) may also reveal radial gradients. If carried out 
using fiber optic systems, such observations would be relatively easy to obtain. I 
am currently analyzing data observed in such a fashion of M22 to examine the CN 
distribution and kinematics in the outer part of this cluster.
The variations in stellar C and N abundance and the bimodality in CN strengths are 
difficult to reconcile within either an evolutionary or a primordial enrichment 
scenario. In order to shed further light on enrichment processes one would like to 
know whether the C, N, and O abundances change with evolution ä la the C and N 
variations in M92 and M l5. Allied to this would be accurate determinations of the 
oxygen abundance of CN strong and CN weak stars of the same luminosity and 
color. Although the results of Cottrell and DaCosta (1981) do not indicate the 
existence of substantial ON processing, it is interesting to note that the O abundance
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of the CN weak star is 0.1 dex greater than that in the CN strong star (the error on 
this value is 0.2 dex).
•  The Fornax Dwarf Spheroidal Galaxy.
Rationale — Dwarf spheroidal galaxies are apparently structurally similar to 
globular clusters, in that their density profiles are fit by King models. However, 
they are an order of magnitude more massive and larger in size. Unlike globular 
clusters, in which all the stars are coeval, dwarf spheroidals appear to have 
undergone two, and possibly continuous, epoches of star formation. The spread in 
metal abundance appear correlated with the mass of the system. This is probably 
due to self enrichment resulting from multiple epochs of star formation. Without 
kinematical information, however, it is not possible to know whether these systems 
are more closely related to globular clusters, dwarf irregulars (which have been 
stripped of gas), or elliptical galaxies, or whether they constitute a separate group 
(see Kormendy 1985, 1987a). We would also like to know whether these systems 
are immersed in a dark halo, as appears to be the case for spiral and dwarf irregular 
galaxies.
Velocity dispersions are now available for five dwarf spheroidals. These have 
mostly been derived from small numbers of objects (from 3 to 16) distributed 
throughout the system, and therefore suffer from large statistical errors and provide 
no information on the run of dispersion with radius. There is no information on the 
rotation. A trend appears to be emerging, however, that the smallest systems have 
high mass to light ratios (see Aaronson 1986, and Kormendy 1987b, and references 
therein), indicating the presence of dark matter, while the largest have values similar 
to globular clusters (M/L = 2). In order to understand the nature of these systems 
and there evolutionary history, we need to have accurate estimates of the run of 
velocity dispersion with radius, and of the rotation velocity.
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Observation and Results — From isopleths derived from unpublished star count 
data, a surface number density profile was derived by fitting ellipses to the data. 
The ellipticity and major axis position angle derived agree well with previously 
published values. A single mass King model with Wo = 2.0 was fitted to the data, 
with an indicated core radius of 16'.8. The data are also reasonably well 
approximated by an exponential profile with scale length of h = 8'3. Assuming a 
King model like distribution, the absolute magnitude is My = -13.44 for a distance 
modulus of 20.9.
Spectra were obtained of 80 bright red giant stars in the Fornax dwarf spheroidal 
galaxy using the fiber optic system on the Anglo Australian Telescope. Forty stars 
were selected near the center of this system. Two groups of 20 stars were selected 
on the major axis at one core radius. Velocities were determined for these stars, and 
velocity dispersions and the rotation velocity calculated. The central intrinsic 
dispersion is 9.4 t};| km s*1. At one core radius, the value is 2.9 *£^km s*1. The 
implied M/Ly is 2.9±1.0 for a King model. Core fitting indicates a value of 
3.8±1.4. The observed rotation is 3.5 ± 2.0 km s*1 at one core radius.
The immediate conclusion is that there is little dark matter in this system out to one 
core radius. The low rotation appears to exclude the possibility that Fornax was 
once a dwarf irregular. Its present kinematic properties appear to be more closely 
related to those of globular clusters than to those of other stellar systems of 
comparable size.
Further Work — The velocity dispersions for Fornax indicate that there is little dark 
matter in this system, at least in the inner part. This does not mean that there is no 
dark halo. If the core radius of such a halo were large enough, then its effects may 
be observable only at larger distances from the center of Fornax. With this in mind 
I plan to observe stars in Fornax at two core radii from the center to derive a 
velocity dispersion and rotation which will provide further constraints on an 
possible dark halo.
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The velocity dispersions of the smallest dwarf spheroidals, Draco and Ursa Minor, 
from which large M/L ratios have been derived, have been determined from a 
relatively small number of stars (11 and 10 respectively), and the resulting error in 
M/L from statistical considerations alone is of the order of 45%. It would be 
valuable to rederive the dispersions for these systems from a larger sample of stars, 
and to investigate the systemic rotation velocity. This project is complicated by the 
fact that there are few bright red giants in these two galaxies, so that the run of 
dispersion would be difficult to obtain.
Finally, given that radial abundance gradients appear to exist in at least two galactic 
globular clusters, and in general in elliptical galaxies, and that there appears to be a 
spread in internal abundance in dwarf spheroidal galaxies, it might be profitable to 
examine the Fornax system for possible abundance gradients. The existence or 
non-existence of a gradient would be of use in constraining models of galaxy 
formation and self-enrichment. I am currently investigating the abundance spread in 
the Fornax system by analyzing a direct image IHaJ-IIIaF plate pair obtained on the 
Anglo-Australian Telescope. Color-magnitude diagrams will be produced and 
estimates of the abundance spread deduced. Any gradients in metallicity should be 
evident.
IL A FINAL WORD
Smith (1987) has proposed a set of enrichment events that are common to all globular 
cluster and that goes some way towards unifying many of the observed abundance 
anomalies in these objects. In this scenario, all clusters have both primordial variations 
in the stellar C and/or N abundance, and mixing processes that have altered the surface 
C and N and possible O abundances of some stars. In addition, co Centauri and M22 
have iron peak element variations due to primordial events. The visibility of the 
abundance variations due to primordial and evolutionary processes are dependent on 
the cluster metallicity.
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The work presented in this thesis can be added to previous studies on globular clusters 
to enhance our understanding of these systems as a whole. The radial CN gradient in 
47 Tucanae may be understood in the above framework if one believes that it is a 
manifestation of a primordial gradient in some parameter (e.g. core rotation) that 
induces CN abundance changes and a C/N anticorrelation. The C, N, and O results for 
co Centauri provide conclusive evidence for mixing events in red giants, and support 
the view that metal poor giants can convert C and N to O. Fornax displays some 
properties that are similar to co Centauri. It will be interesting to see if it displays 
abundance variations in elements such as C, N, O, Na, Ca, and Ba in a similar fashion 
to co Centauri. Such observations are currently beyond reach, but may become feasible 
with new large aperture telescopes.
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Nomoto, K., Thielemann, F.-K., and Yokoi, K. 1984, Ap. J., 286, 644.
Smith, G. H. 1987, Pub. A.S.P., 99, 67.
191
APPENDIX
In this appendix I shall outline the method of photographic photometry used to survey 
the globular cluster 47 Tue. The magnitude and colour of all stars brighter than V = 
16.0 in a region 100' square centred on 47 Tue were catalogued. Included is a table 
listing the equatorial coordinates (1950 epoch), V magnitude, and (B-V) colour for the 
2571 stars obtained from this work.
The plate material consists of 5 IllaJ and 5 IIIaF plates taken of the cluster using the 
Uppsala Schmidt telescope at Siding Spring Observatory in May 1984. The plates 
were hypered by soaking in hydrogen for 24 hrs followed by subsequent baking in 
nitrogen at 60° C for between 2 and 4 hrs. The speed gain from this was of the order 
of 3 over non hypered plates. Each F plate was exposed for 9 minutes and each of the 
J plates for 4 minutes. Plate development was in D-19 for 5 minutes at 20° C.
The software used to analyze the photographic material was developed by K. 
Ratnatunga for identification of possible halo stars, and modified where necessary, for 
the purposes of this project. I shall only outline the method here. A more complete 
discussion is given by Ratnatunga (1983).
The plate material was digitized on the Mt. Stromlo Observatory PDS. The pixel size 
chosen to scan the images was a compromise between obtaining a high enough 
resolution to determine accurate magnitudes and to minimize the effects of crowding on 
the one hand, and the constraints of the PDS software and having image map sizes that 
were convenient to handle on a computer on the other. A rule of thumb in using 
Ratnatunga's software is to chose a pixel size comparable to the FWHM of the stellar 
image. For my plate material the smallest stellar images were of the order of 1.5" in 
diameter, or approximately 17}i. I settled on a pixel size of 25 p. square. The following 
steps were implemented by the software to obtain the magnitude estimates. First, the 
map was divided into small regions (of the order of 100 pixels square), and the mode 
and standard deviation of the pixel density distribution estimated for each region.
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These values were used as the estimates of the background sky and chemical fog 
density, and image noise. The scan was then searched for pixels which had a density 
6a above the mode. The local maximum was then found and designated a stellar 
object. The position of the star was determined by doing a parabolic interpolation in x, 
y, and pixel density. A 5 by 5 grid was centered on the stellar image, and a parabolic 
interpolation over the four pixels surrounding each grid point was used to estimate the 
density of each array point. The background plate density was subtracted from the grid 
values, which were then converted to transmission.and summed to produce the pseudo 
stellar magnitude. The accuracy of the photometry decreases in regions of high stellar 
density due to contamination of the grid by neighboring stars. This procedure was 
carried out for all plates in both colors. The stellar coordinates for the five plates in 
each colour were cross referenced and images that showed up in three or more plates 
were assumed to be of real stellar objects and the magnitudes averaged. Finally, 
images that were identified on both the J and the F plates were tabulated. I estimate the 
internal errors from the multiple measurements to be 0.025 in F and 0.03 in (J-F). In 
order to convert the pseudo magnitudes to V and (B-V) 30 stars in common with the 
catalogue of Lee (1977) were identified and transformations of the form
V = CiF + C2(J-F)+C3 
(B-V) = kiF + k2(J-F) + k3
were assumed over the magnitude range 11.0 < V < 15.5. From these transformations 
we estimate external errors of 0.04 and 0.05 in V and (B-V). I list the magnitude and 
colour data for 2571 stars from the photographic photometry in Table 1. Column (1) 
gives the stellar identification, column (2) the RA and Dec in 1950 coordinates, and V 
and (B-V) in columns (4) and (5) respectively. I have included only stars the are more 
than 4' from the center of 47 Tue. Inside this radius crowding becomes severe and the 
magnitude estimates inaccurate.
The software process described above may be generalised to a wide number of 
applications. I have used it for the discovery of previously unknown Mira type
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variables in the bar of the LMC. In this case, a small region of the bar was scanned on 
19 I plates taken on the UK Schmidt telescope These plates were taken over a seven 
year period. Stars with a large spread in magnitude were further analysed to see if the 
photometry indicated a regular period of variability (see Paltoglou et al. 1984; Wood, 
Bessell and Paltoglou 1984).
Lee, S-W 1977, Astr. Ap. Suppl., 27, 381.
Paltoglou, G., Wood, P., Bessell, M. S. , and Ratnatunga, K. 1984, in IAU 
Symposium # 108, Structure and Evolution of the Magellanic Clouds, ed S. van 
den Bergh and K. S. de Boer (Reidel: Dordrecht), p 219.
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Wood, P., Bessell, M. S., and Paltoglou, G. 1984, Ap. J., 290, 477.
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TABLE 1
Photometry for 47 Tue Stars
ED ]R A ( 1 9 5 0 )  D e c V  ( B - V ) ID R A  ( 1 9 5 0 )  D e c V  ( B - V )
( 1 ) ( 2 ) (3 ) (4 ) (5 ) (1 ) (2 ) (3 ) (4 )  (:5)
l 0 11 4.6 -71 34  48 15.13 0.79 61 0 12 4 .6 -72  5 38 14.42 0.69
2 0 11 8.9 -71 34  14 15.04 0.89 62 0 12 5.3 -72  7 15 11.28 0.81
3 0 11 11.4 -72  7 0 14.91 0.98 63 0 12 6.2 -72  2  32 14.10 0.85
4 0 11 9.5 -72  58 26 13.07 1.15 64 0 12 7.7 -72  29  17 12.90 0.82
5 0 11 13.0 -71 32  58 13.89 0.86 65 0 12 9.5 -71 37  54 12.57 0.75
6 0 11 13.6 -72  37  49 15.06 0.67 66 0 12 11.7 -73 4 34 15.03 0.77
7 0 11 15.1 -72  22  36 15.40 0.78 67 0 12 11.3 -73 8 0 13.72 1.39
8 0 11 15.4 -72 25 20 15.85 0.46 68 0 12 13.4 -72  48  54 12.07 0.81
9 0 11 17.1 -71 34  18 15.16 0.84 69 0 12 13.4 -72  59  58 14.06 0.90
10 0 11 17.7 -72 14 46 15.32 0.68 70 0 12 14.5 -72  34  9 15.53 0.51
11 0 11 16.9 -72  55 51 14.97 0.68 71 0 12 16.6 -72  44  10 15.47 0.68
12 0 11 19.3 -71 45  40 15.71 0.61 72 0 12 17.8 -72  47  4 13.71 0.87
13 0 11 18.5 -72  22  1 15.53 0.65 73 0 12 16.2 -71 34  30 14.69 0.68
14 0 11 20.3 -71 43  7 10.49 0.77 74 0 12 18.8 -73 3 6 14.49 1.06
15 0 11 19.6 -72  4 19 13.51 1.06 75 0 12 20.3 -72  44  47 15.38 0.52
16 0 11 20.4 -71 48  50 14.82 0.81 76 0 12 21.0 -73 6 50 12.94 0.76
17 0 11 20.1 -72  41 56 13.64 0.70 77 0 12 21.6 -72  32  15 13.41 0.72
18 0 11 21.7 -72 22  59 14.36 0.77 78 0 12 21.5 -72  40  1 14.85 0.99
19 0 11 21.5 -73 6 59 13.80 0.63 79 0 12 22.8 -72  26  25 14.49 0.75
20 0 11 24.5 -73 8 40 14.45 0.63 80 0 12 24.7 -72  52  2 11.30 1.13
21 0 11 26.4 -72  6 31 15.34 0.38 81 0 12 24.6 -72  30  41 15.57 0.67
22 0 11 27.6 -72  56  51 15.03 0.57 82 0 12 24.7 -71 55 38 13.78 0.20
23 0 11 30.5 -72  34  14 15.37 0.68 83 0 12 26.7 -72  55  20 13.24 0.77
24 0 11 32 .2 -73 11 30 15.56 0.56 84 0 12 24.4 -71 35 15 9.35 1.27
25 0 11 37 .0 -71 33  57 13.93 1.15 85 0 12 26.9 -72  42  4 15.43 0.68
26 0 11 37.6 -71 58  35 14.82 0.78 86 0 12  27.7 -72  52  40 14.94 0.84
27 0 11 38.7 -71 38  8 14.61 0.82 87 0 12  26.4 -72  11 20 14.62 0.90
28 0 11 38.6 -72  35  40 14.41 0.79 88 0 12 27.0 -72  22  40 13.49 0.70
29 0 11 39.5 -72 5 8 27 15.37 0.66 89 0 12 26.8 -71 45  20 15.48 0.71
30 0 11 40.3 -73 9 27 12.50 0.86 90 0 12 27.6 -72  7 41 11.99 1.12
31 0 11 41 .0 -71 48  19 14.76 1.29 91 0 12 28.8 -71 59  2 14.42 0.71
32 0 11 42.9 -71 49  38 15.45 0.65 92 0 12 29.1 -72  18 44 14.22 0.73
33 0 11 42.8 -72  37  46 12.73 0.76 93 0 12 30.3 -72  31 57 11.85 1.35
34 0 11 44 .0 -72  4 46 13.51 0.84 94 0 12 31.7 -72  53  17 14.34 0.68
35 0 11 44 .0 -72  45  58 15.19 0.62 95 0 12 30.9 -72  14 11 14.87 0.87
36 0 11 46 .2 -72  43  47 15.69 0.49 96 0 12 30.9 -72  14 11 14.87 0.86
37 0 11 46 .9 -72 40  27 15.51 0.62 97 0 12 33.2 -72  34  32 12.45 1.12
38 0 11 47.6 -72  53 16 13.89 0.43 98 0 12 35.0 -72  51 7 13.74 1.29
39 0 11 48 .9 -72  16 33 14.97 0.76 99 0 12 33.1 -71 38  31 15.16 0.49
40 0 11 49 .4 -71 56  46 11.35 0.88 100 0 12 38.3 -73 8 4 15.68 0.69
41 0 11 50.0 -72  8 24 15.43 0.85 101 0 12 37.5 -72  2 14 15.10 0.67
42 0 11 50.0 -72  20  14 14.08 0.74 102 0 12 38.7 -72  3 29 13.53 1.11
43 0 11 50.1 -73 3 21 11.51 0.91 103 0 12 41.9 -73 7 11 11.53 2.00
44 0 11 50.5 -71 44  43 8.68 0.96 104 0 12 44.3 -72  30  51 14.19 0.73
45 0 11 50.7 -72  24  5 11.53 0.67 105 0 12 45.1 -72  42  7 15.77 0.47
46 0 11 51.3 -72  29  59 15.78 0.58 106 0 12 44.8 -72  16 55 15.31 0.55
47 0 11 51.7 -72 31 40 15.20 0.92 107 0 12 45.5 -72  15 56 15.50 0.64
48 0 11 52.9 -72  41 3 14.36 0.78 108 0 12 48.5 -72  40  2 15.30 0.67
49 0 11 55.0 -72  59  37 14.71 0.90 109 0 12 47.3 -71 36  55 15.21 0.81
50 0 11 56.4 -71 57  38 14.79 0.53 110 0 12 49.3 -72  3 47 13.18 0.68
51 0 11 56.5 -72  15 26 15.21 0.55 111 0 12 50.3 -72  0 6 14.27 0.62
52 0 11 58.2 -71 43  49 14.65 1.25 112 0 12 52.4 -72  29  48 15.39 0.70
53 0 12 0.5 -73 9 56 14.43 0.58 113 0 12 49.8 -71 34  58 15.26 0.96
54 0 12 0.3 -71 58  34 14.53 0.50 114 0 12 54.4 -72  52  53 12.57 0.76
55 0 12 1.0 -72  27  43 15.27 0.61 115 0 12 54.6 -72  57  50 15.07 0.85
56 0 12 1.0 -71 36  7 13.86 0.88 116 0 12 51.9 -71 48  50 14.84 0.88
57 0 12 4 .2 -73 0 58 9.69 1.89 117 0 12 56.0 -72  27  30 8.91 1.33
58 0 12 4.7 -73 10 27 14.62 0.88 118 0 12 58.4 -72  31 26 15.64 0.58
59 0 12 3.8 -71 40  22 15.54 0.52 119 0 12 55.8 -71 37  25 13.49 1.06
60 0 12 4.0 -71 47  5 13.93 0.57 120 0 13 1.0 -72  59  55 15.00 1.05
TABLE 1 cont. Photometry for 47 Tue Stars
ID I*A (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
121 0 12 58 .9 -72 23 14 15.65 0.82 186 0 14 7.1 -72 34 33 15.34 0.82
122 0 12 59 .2 -72 5 16 15.31 0.58 187 0 14 8.3 -72 44 39 15.53 0.65
123 0 12 59 .0 -71 50 58 12.75 0.84 188 0 14 9.7 -72 47 4 13.47 0.73
124 0 13 4 .9 -72 7 18 15.75 0.60 189 0 14 14.9 -73 8 26 14.28 0.79
125 0 13 9.3 -72 22 27 15.44 0.56 190 0 14 5.1 -71 33 51 14.36 0.82
126 0 13 9 .7 -71 50 24 14.68 0.67 191 0 14 11.8 -72 24 37 15.31 0.75
127 0 13 14.3 -72 48 40 15.50 0.65 192 0 14 13.0 -72 23 48 12.98 0.90
128 0 13 18.4 -73 3 43 12.85 0.81 193 0 14 22.9 -73 6 44 15.38 0.51
129 0 13 16.6 -72 32 51 13.78 0.93 194 0 14 19.0 -72 29 47 14.69 0.66
130 0 13 18.2 -72 54 29 14.68 1.08 195 0 14 25.1 -73 0 1 14.77 0.65
131 0 13 16.2 -72 20 57 12.79 0.84 196 0 14 14.5 -71 33 55 13.09 0.61
132 0 13 15.9 -72 5 37 13.79 1.16 197 0 14 21.4 -72 22 37 13.89 1.01
133 0 13 21 .2 -72 59 42 15.75 0.64 198 0 14 25.7 -72 53 11 15.08 0.51
134 0 13 18.2 -72 1 3 9.60 0.34 199 0 14 16.3 -71 42  41 15.75 0.72
135 0 13 21 .7 -72 37 20 15.80 0.55 200 0 14 17.7 -71 45 14 13.67 0.77
136 0 13 21 .6 -72 40 56 13.06 0.62 201 0 14 28 .0 -72 53 7 12.85 0.74
137 0 13 17.9 -71 35 44 12.90 1.07 202 0 14 31.0 -72 57 23 13.44 0.79
138 0 13 19.6 -71 36 11 14.67 1.15 203 0 14 27.3 -72 21 0 12.07 1.09
139 0 13 27.1 -72 50 4 15.60 0.78 204 0 14 24.3 -71 55 9 14.39 0.89
140 0 13 28 .7 -73 5 0 15.68 0.59 205 0 14 36.1 -73 1 24 15.17 0.64
141 0 13 29 .0 -73 8 9 14.06 0.88 206 0 14 33.8 -72 39 8 14.89 0.61
142 0 13 27 .6 -72 32 30 12.54 0.88 207 0 14 32.5 -72 14 58 11.98 1.35
143 0 13 28.1 -72 37 0 15.60 0.50 208 0 14 32.3 -71 54 55 11.49 0.64
144 0 13 32 .8 -73 5 18 12.45 0.77 209 0 14 41.7 -72 46 39 12.80 0.65
145 0 13 25.3 -71 34 52 14.99 0.94 210 0 14 47 .4 -73 11 50 15.82 0.62
146 0 13 29 .4 -72 16 3 15.50 0.70 211 0 14 40 .2 -72 21 0 15.08 0.67
147 0 13 29 .7 -72 22 26 15.27 0.54 212 0 14 35.8 -71 38 51 14.40 0.62
148 0 13 32 .5 -72 45 2 15.72 0.55 213 0 14 38.5 -71 56 39 14.74 0.88
149 0 13 34 .7 -72 47 20 15.55 0.76 214 0 14 40.8 -72 7 11 14.10 0.90
150 0 13 34 .8 -72 47 20 15.55 0.76 215 0 14 37.8 -71 44  10 15.23 0.76
151 0 13 37.8 -73 0 25 15.27 0.79 216 0 14 38.1 -71 45 55 13.25 0.65
152 0 13 31 .8 -71 53 37 13.99 0.91 217 0 14 41.8 -72 7 42 15.28 0.12
153 0 13 33 .7 -72 12 56 15.45 0.34 218 0 14 39 .4 -71 44 31 15.03 1.23
154 0 13 38 .4 -72 57 27 15.53 0.75 219 0 14 49.9 -72 48 44 15.07 1.03
155 0 13 35 .9 -72 14 48 15.84 0.57 220 0 14 38.0 -71 33 4 13.51 0.72
156 0 13 35 .4 -72 4 20 15.14 0.67 221 0 14 52.6 -72 46  49 14.08 1.08
157 0 13 34 .4 -71 50 58 15.00 0.79 222 0 14 44.5 -71 44  45 15.73 0.70
158 0 13 37 .8 -72 23 46 14.62 1.45 223 0 14 47.9 -72 6 5 15.15 1.03
159 0 13 40 .7 -72 28 3 14.18 0.63 224 0 14 48.1 -72 7 4 14.13 0.87
160 0 13 4 1 .4 -72 39 35 10.97 0.83 225 0 14 52.0 -72 31 46 12.65 0.80
161 0 13 4 2 .0 -72 45 19 15.71 0.61 226 0 14 58.7 -73 7 45 15.68 0.46
162 0 13 46 .0 -72 53 59 15.39 0.65 227 0 14 53.1 -72 12 36 15.78 0.58
163 0 13 39 .7 -71 36 34 14.81 0 .54 228 0 14 48.7 -71 45 19 14.48 0.67
164 0 13 42 .9 -72 11 15 15.70 0.60 229 0 14 54 .2 -72 17 33 13.62 0.85
165 0 13 46 .9 -72 42  29 14.72 0.69 230 0 14 56.6 -72 7 1 15.45 0.72
166 0 13 49 .2 -72 31 17 14.67 0.73 231 0 14 56.8 -72 8 58 15.94 0.62
167 0 13 47 .9 -72 13 26 15.62 0.57 232 0 14 52 .4 -71 38 51 13.20 0.77
168 0 13 51.5 -72 33 51 13.72 0.65 233 0 14 56.1 -71 45 45 12.54 1.07
169 0 13 55 .0 -73 2 15 14.98 0.60 234 0 15 3 .5 -72 25 58 15.70 0.62
170 0 13 55 .2 -73 6 8 14.97 0.51 235 0 15 2.1 -72 11 37 9.81 0.25
171 0 13 4 6 .0 -71 33 3 14.05 0.78 236 0 15 7.8 -72 42  5 10.05 1.22
172 0 13 47.1 -71 33 25 13.47 0.78 237 0 15 5 .9 -72 4 55 14.71 0.63
173 0 13 49 .8 -71 55 8 13.47 0.75 238 0 15 12.3 -72 39 37 13.70 0.74
174 0 13 53.5 -72 25 34 15.46 0.58 239 0 15 11.1 -72 28 6 12.31 1.30
175 0 13 55 .0 -72 36 8 15.34 0.70 240 0 15 17.7 -73 2 0 12.26 1.02
176 0 13 51.3 -71 36 39 10.69 0.69 241 0 15 6 .2 -72 0 46 15.53 0.74
177 0 13 55 .2 -72 7 59 15.43 0 .80 242 0 15 9 .7 -72 15 26 15.53 0.72
178 0 13 58 .0 -72 34 1 14.88 0.60 243 0 15 4 .7 -71 40  31 12.08 1.14
179 0 14 2 .0 -73 1 1 14.70 0.79 244 0 15 12.6 -72 20 4 15.52 0.56
180 0 14 5.1 -73 11 1 15.64 0.42 245 0 15 9 .8 -71 59 4 15.64 0.72
181 0 14 4 .6 -72 48 25 12.22 0.96 246 0 15 12.9 -72 13 52 12.89 0.92
182 0 14 6.1 -72 49 37 15.02 0.84 247 0 15 23.1 -73 6 23 15.37 0.63
183 0 13 59 .4 -71 48 49 15.60 0.53 248 0 15 10.0 -71 57 4 14.38 0.73
184 0 14 0 .9 -72 0 39 14.82 0.79 249 0 15 9 .5 -71 48 4 15.25 0.62
185 0 14 6 .0 -72 38 1 12.63 1.31 250 0 15 16.5 -72 25 21 13.40 0.84
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TABLE 1 cont. Photometry for 47 Tue Stars
ID I*A (1 9 5 0 ) Dec V  (B -V ) ID RA (1 9 5 0 ) Dec V  (B-V )
(1) !(2) (3) (4) (5) (1) (2) (3) (4) (5)
2 5 1 0 15  2 1 . 4 -7 2  5 0  17 1 4 .1 9 0 .5 8 3 1 6 0 16  1 5 .8 -7 2  3 6  2 0 1 2 .4 2 0 .8 0
2 5 2 0 15  2 2 . 2 - 7 2  4 5  4 2 1 3 .9 3 1 .0 3 3 1 7 0 16  1 6 .3 -7 2  4 0  0 1 5 .4 5 0 .9 8
2 5 3 0 15  1 9 .6 -7 2  2 3  18 1 5 .3 5 0 .8 3 3 1 8 0 16  1 7 .8 -7 2  4 4  5 9 1 5 .0 0 0 .6 3
2 5 4 0 15  2 4 .5 -7 2  4 6  12 1 5 .8 7 0 .5 1 3 1 9 0 16  2 2 .9 -73  5 10 1 4 .0 2 0 .9 1
2 5 5 0 15  1 9 .5 -7 2  16  12 1 0 .2 8 0 .9 7 3 2 0 0 16  4 .9 -71  4 7  12 1 3 .4 8 0 .6 8
2 5 6 0 15  2 1 . 2 -7 2  2 2  3 0 1 4 .0 0 0 .8 5 32 1 0 16  9 . 4 -71  5 2  17 1 4 .3 5 0 .6 9
2 5 7 0 15  1 7 .9 -7 2  3 21 1 5 .7 3 0 .7 4 3 2 2 0 16  1 1 .0 -71  5 9  14 1 5 .6 6 0 .4 9
2 5 8 0 15  1 5 .7 -71  4 5  4 0 1 2 .7 3 1 .3 6 3 2 3 0 16  1 7 .9 -7 2  2 3  4 3 1 4 .7 3 0 .8 6
2 5 9 0 15  2 9 .9 -7 2  5 6  11 1 5 .7 0 0 .6 5 3 2 4 0 16  2 8 .3 -7 3  3 31 1 3 .6 5 0 .6 8
2 6 0 0 15 1 7 .8 -71  5 2  4 3 1 5 .8 9 0 .6 0 3 2 5 0 16  2 2 .6 - 7 2  4 1  2 1 5 .3 8 0 .7 0
2 6 1 0 15 2 3 . 4 -7 2  21  4 0 1 5 .0 7 0 .8 2 3 2 6 0 16  1 1 .6 -71  5 2  5 1 4 .0 3 0 .9 1
2 6 2 0 15  2 5 . 2 -7 2  2 9  4 4 1 2 .7 2 1 .2 9 3 2 7 0 16  2 1 .4 -7 2  25  5 4 1 3 .6 2 0 .9 3
2 6 3 0 15  1 4 .6 -71  3 3  5 8 1 3 .9 3 0 .7 9 3 2 8 0 16  2 9 .0 - 7 2  5 4  4 1 5 .7 2 0 .5 6
2 6 4 0 15  2 1 .3 -7 2  6 6 1 4 .8 4 1 .0 6 3 2 9 0 16  18.1 - 7 2  9  4 6 1 5 .4 8 0 .6 3
2 6 5 0 15  3 3 .6 -73  2  15 1 4 .3 5 0 .5 6 3 3 0 0 16  18 .1 - 7 2  9 4 7 1 5 .4 8 0 .6 3
2 6 6 0 15  2 7 . 0 -7 2  2 8  0 1 5 .3 2 0 .6 2 331 0 16  2 3 .8 - 7 2  3 2  3 2 1 5 .6 0 0 .5 5
2 6 7 0 15  2 8 .1 -7 2  3 2  3 1 5 .7 0 0 .5 6 3 3 2 0 16  2 6 .8 -7 2  3 8  3 6 1 4 .5 4 1 .3 7
2 6 8 0 15  3 6 . 0 -73  7 13 1 3 .6 9 1 .0 6 3 3 3 0 16  2 5 .8 - 7 2  2 9  4 3 1 4 .8 0 0 .9 1
2 6 9 0 15  3 7 .7 -73  4  2 2 1 5 .0 8 1 .2 8 3 3 4 0 16  2 5 .4 - 7 2  2 6  4 6 1 5 .1 0 0 .7 4
2 7 0 0 15  2 5 .3 -7 2  3 3 2 1 3 .8 0 0 .9 5 3 3 5 0 16  1 7 .8 -71  5 0  2 7 1 1 .0 7 1 .0 4
2 7 1 0 15  3 8 . 2 -7 2  5 9  3 6 1 5 .7 5 0 .6 5 3 3 6 0 16  3 3 .4 - 7 2  51  4 1 4 .4 4 0 .5 8
2 7 2 0 15  3 0 .1 -7 2  18  5 4 1 4 .7 9 0 .3 3 3 3 7 0 16  1 8 .4 -71  4 7  4 7 1 3 .5 8 1 .2 2
2 7 3 0 15  2 6 .6 -71  5 9  4 6 1 5 .8 9 0 . 6 2 3 3 8 0 16  3 7 .1 - 7 2  4 0  35 1 4 .4 6 1 .0 0
2 7 4 0 15  3 6 .1 -7 2  4 0  16 1 3 .0 7 0 .7 3 3 3 9 0 16  3 8 .1 - 7 2  4 4  2 2 1 3 .3 2 0 .6 3
2 7 5 0 15  3 1 . 4 -7 2  12  5 6 1 1 .7 4 1 .0 6 3 4 0 0 16  2 8 .1 - 7 2  3 2 4 1 5 .2 8 0 .5 3
2 7 6 0 15  3 4 .9 -7 2  2 9  4 4 1 5 .7 7 0 .5 8 34 1 0 16  2 1 .3 -71  3 3  10 1 4 .2 1 0 .7 7
2 7 7 0 15  3 6 .5 -7 2  3 3  4 3 1 0 .8 0 1 .5 8 3 4 2 0 16  3 7 .1 -7 2  3 4  2 8 1 4 .0 1 0 .8 4
2 7 8 0 15  4 1 .5 -7 2  5 2  4 8 1 3 .1 2 1 .11 3 4 3 0 16  4 0 . 4 - 7 2  4 7  2 3 1 2 .9 8 0 .7 4
2 7 9 0 15 2 8 . 4 -71  3 3  5 6 1 5 .0 0 0 . 5 2 3 4 4 0 16  2 4 .1 -71  3 9  2 5 8 .7 0 0 .9 7
2 8 0 0 15  3 4 .5 - 7 2  2 3 3 1 5 .7 4 0 .5 5 3 4 5 0 16  3 3 . 2 - 7 2  14  51 1 4 .3 3 0 .6 5
2 8 1 0 15  4 4 . 9 -7 2  4 8  3 6 1 4 .8 8 0 .8 5 3 4 6 0 16  4 8 . 2 -73  2  3 4 1 4 .9 8 0 .6 0
2 8 2 0 15  3 8 .1 -7 2  1 2  7 1 4 .6 3 0 .7 5 3 4 7 0 16  3 2 .8 -71  5 5  5 9 1 3 .5 7 1 .0 2
2 8 3 0 15  4 5 . 6 -7 2  4 2  2 7 1 6 .0 0 0 .4 6 3 4 8 0 16  4 2 .1 - 7 2  2 6  2 8 1 5 .6 2 0 .6 7
2 8 4 0 15  4 7 . 0 -7 2  4 2  4 3 1 4 .0 5 0 .8 6 3 4 9 0 16  4 3 .5 - 7 2  2 8  2 4 1 4 .8 2 0 .9 2
2 8 5 0 15 3 3 .1 -71  3 3  4 6 1 3 .9 7 1 .3 2 3 5 0 0 16  5 6 . 0 -73  7 3 6 1 4 .7 5 0 .5 4
2 8 6 0 15  5 0 .9 -7 2  5 5  41 1 5 .3 0 0 .8 9 351 0 16  4 2 . 4 - 7 2  17  4 3 1 4 .0 7 0 .8 3
2 8 7 0 15  5 3 .4 -73  7 5 6 1 5 .3 5 0 .8 1 3 5 2 0 16  4 8 .1 - 7 2  3 8  5 4 1 4 .0 2 0 .8 7
2 8 8 0 15  3 7 . 4 -71  5 2  3 9 1 5 .2 1 0 .7 7 3 5 3 0 16  4 7 . 2 - 7 2  31  5 2 1 4 .8 1 0 .9 0
2 8 9 0 15  4 5 . 0 -7 2  2 4  51 1 3 .5 5 0 .7 6 3 5 4 0 16  4 7 .9 -7 2  3 4  4 8 1 5 .7 7 0 .4 0
2 9 0 0 15  4 3 .3 -7 2  8 5 9 .7 3 0 .3 6 3 5 5 0 16  4 9 .8 - 7 2  4 1  2 0 1 3 .1 8 1 .2 3
2 9 1 0 15  4 5 .3 -7 2  17  2 7 1 2 .5 3 1 .01 3 5 6 0 16  5 6 .3 -7 3  3 4 1 2 .4 5 1 .1 9
2 9 2 0 15 4 5 .5 -7 2  15  15 1 5 .5 9 0 .7 1 3 5 7 0 16  4 0 . 4 -71  5 8  3 5 1 4 .7 4 0 .4 4
2 9 3 0 15  4 0 .5 -71  4 3  1 1 5 .4 4 0 .7 6 3 5 8 0 16  5 7 .5 - 7 2  5 9  5 0 1 4 .0 3 0 .7 7
2 9 4 0 15 5 5 .6 -7 2  51  5 8 1 4 .8 4 0 .6 8 3 5 9 0 16  4 3 .9 - 7 2  4  2 7 1 2 .6 8 0 .9 9
2 9 5 0 15  4 3 .8 -71  5 4  3 7 1 5 .1 0 0 .6 3 3 6 0 0 16  4 4 .3 -7 2  6 25 1 5 .4 9 0 .5 9
2 9 6 0 15  5 9 . 2 -7 2  5 9  2 4 1 5 .5 5 0 . 5 2 361 0 16  4 8 . 0 - 7 2  2 0  11 1 3 .7 7 0 .8 8
2 9 7 0 16  0 .9 -73  3 5 1 5 .2 8 0 .7 4 3 6 2 0 16  5 7 . 2 - 7 2  5 2  31 1 4 .4 5 0 .9 1
2 9 8 0 15  4 9 .3 -7 2  7 2 7 1 4 .5 5 0 .9 3 3 6 3 0 16  4 0 .5 -71  3 9  51 1 5 .5 8 0 .5 9
2 9 9 0 15 5 3 .9 -7 2  2 0  3 5 1 5 .5 3 0 .8 5 3 6 4 0 16  4 4 . 6 -71  5 5  11 1 5 .4 7 0 .7 9
3 0 0 0 15 4 7 . 2 -71  4 3  3 6 1 3 .6 3 0 .6 8 3 6 5 0 16  4 4 .3 -71  51  3 4 1 2 .9 4 0 .6 4
3 0 1 0 15  5 6 .9 - 7 2  19  18 1 4 .6 0 1 .1 5 3 6 6 0 17  6 . 0 -7 3  0 3 2 1 5 .6 0 0 .6 0
3 0 2 0 15  5 0 . 4 -71  4 8  3 4 1 5 .5 3 0 . 6 2 3 6 7 0 16  5 0 .3 -7 2  4  4 9 1 5 .5 5 0 .6 1
3 0 3 0 15  5 3 .7 -71  5 0  5 3 1 5 .2 4 0 .7 5 3 6 8 0 16  5 5 .9 - 7 2  2 4  4 8 1 3 .9 7 0 .8 3
3 0 4 0 16  4 . 4 -7 2  3 4  2 5 1 3 .6 4 0 . 9 4 3 6 9 0 16  4 8 .3 -71  5 2  7 1 4 .9 3 0 .8 2
3 0 5 0 15  5 4 .7 -71  5 0  2 3 1 5 .2 7 0 .8 9 3 7 0 0 16  5 6 .8 -7 2  19  5 3 1 4 .6 6 0 .5 5
3 0 6 0 16  0 .0 -7 2  8 5 3 1 4 .0 2 0 .8 5 37 1 0 17  8 .9 -7 3  2  15 1 5 .4 6 0 .5 5
3 0 7 0 16  9 .3 -7 2  4 3  21 1 5 .2 5 0 . 8 0 3 7 2 0 16  4 8 .1 -71  4 6  0 1 0 .5 6 0 .6 4
3 0 8 0 16  1 .6 -72  4  3 9 1 2 .3 0 0 . 7 0 3 7 3 0 16  4 5 . 7 -71  3 3  8 1 5 .7 1 0 .6 3
3 0 9 0 15  5 8 .9 -71  5 2  14 1 5 .5 1 0 .7 1 3 7 4 0 16  5 9 .5 - 7 2  18  3 2 1 4 .6 5 0 .9 0
3 1 0 0 16  2 .6 -7 2  8 2 1 5 .1 1 0 .7 1 3 7 5 0 16  5 7 .8 - 7 2  5 10 1 5 .0 5 0 .6 2
31 1 0 15 5 7 .1 -71  3 5  2 2 9 . 4 7 1 .4 6 3 7 6 0 16  5 6 .8 -71  5 4  5 8 1 5 .2 9 0 .6 6
3 1 2 0 16  6 .1 -7 2  13  2 0 1 5 .0 0 0 .5 6 3 7 7 0 17  3 .3 - 7 2  18  41 1 4 .1 2 0 .7 7
3 1 3 0 16  1 5 .5 -7 2  5 0  51 1 4 .8 5 0 . 8 0 3 7 8 0 17  7 .6 - 7 2  2 7  4 6 1 4 .9 3 0 .8 2
3 1 4 0 16  1 .7 -71  5 2  53 1 5 .7 5 0 .6 7 3 7 9 0 17  2 . 9 - 7 2  9 4 3 1 4 .8 0 0 .9 1
3 1 5 0 16  1 2 .7 -7 2  2 6  3 2 1 4 .6 7 0 .5 4 3 8 0 0 17  5 .8 - 7 2  13  18 1 3 .1 1 1.21
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TABLE 1 com. Photometry for 47 Tue Stars
ID 1 (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
3 8 1 0 17 1 1 .9 -7 2  2 7  3 4 1 1 .7 3 0 .7 1 4 4 6 0 18 6 .1 -7 2  2 7  19 1 2 .4 7 1 .05
3 8 2 0 17 1 7 .3 .7 2  4 3  4 4 1 1 .6 7 0 .9 4 4 4 7 0 18 2 . 9 - 7 2  11 4 2 1 4 .0 4 0 .9 0
3 8 3 0 17 8 .8 -7 2  14  4 9 1 4 .0 6 0 .8 3 4 4 8 0 18 6 .1 - 7 2  2 0  5 0 1 4 .5 0 0 .9 7
3 8 4 0 17 3 .0 -71 4 5  5 7 1 4 .4 2 0 .9 9 4 4 9 0 18 2 1 .4 -73  3 2 6 1 5 .8 2 0 .5 4
3 8 5 0 17 1 9 .7 -7 2  4 0  5 2 1 4 .1 1 1 .01 4 5 0 0 18 7 .6 - 7 2  2 4  3 4 1 4 .0 8 0 .8 8
3 8 6 0 17 3 .3 -71 4 4  16 1 4 .3 1 0 .7 3 4 5 1 0 18 0 .6 -7 2  2 2 3 1 4 .3 6 0 .6 6
3 8 7 0 17 1 4 .2 -7 2  6 15 1 4 .9 8 0 .7 9 4 5 2 0 18 6 .2 -7 2  17 5 3 1 2 .9 4 1 .24
3 8 8 0 17 2 0 .5 -7 2  2 6  5 7 1 2 .5 9 1 .2 9 4 5 3 0 18 1 4 .8 - 7 2  41  2 2 1 5 .0 7 0 .9 4
3 8 9 0 17 1 7 .5 -7 2  14  5 6 1 5 .2 8 0 .7 1 4 5 4 0 18 1 9 .2 - 7 2  5 4  2 3 1 5 .4 2 0 .8 1
3 9 0 0 17 1 1 .9 -71 5 0  1 1 1 .2 2 1 .1 8 4 5 5 0 18 1 1 .0 - 7 2  2 9  55 1 3 .4 2 0 .7 7
3 9 1 0 17 3 1 .9 -7 2  5 5  2 8 1 4 .7 6 0 .5 1 4 5 6 0 18 9 .8 -7 2  2 2  4 3 1 5 .9 0 0 .6 0
3 9 2 0 17 2 1 .6 -7 2  17  4 5 1 5 .5 3 0 .7 8 4 5 7 0 18 19 .1 -7 2  4 8  2 5 1 5 .6 1 0 .5 5
3 9 3 0 17 3 0 .3 -7 2  4 4  5 5 1 4 .9 6 0 .8 7 4 5 8 0 18 2 3 .3 -7 2  5 6  3 6 1 3 .9 8 1 .35
3 9 4 0 17 3 7 . 2 -73  4  5 9 8 .7 0 1 .0 7 4 5 9 0 18 9 .9 - 7 2  13 3 1 5 .1 2 0 .5 8
3 9 5 0 17 2 6 . 0 -7 2  2 7  3 7 1 3 .4 8 1 .3 9 4 6 0 0 18 2 9 .6 -7 3  7 5 5 1 4 .8 8 0 .9 2
3 9 6 0 17 3 8 .1 -73  1 5 7 1 5 .6 2 0 .7 9 4 6 1 0 18 9 .9 - 7 2  1 2  3 5 1 3 .0 3 1 .2 2
3 9 7 0 17 2 6 .8 -7 2  2 3  0 1 4 .0 7 1 .0 6 4 6 2 0 18 2 0 .5 - 7 2  4 0  2 9 1 5 .0 7 0 .8 1
3 9 8 0 17 2 3 .7 -7 2  9 2 2 1 4 .8 9 0 .9 3 4 6 3 0 18 1 1 .6 -7 2  11 14 1 4 .2 9 0 .8 8
3 9 9 0 17 2 5 .8 - 7 2  16 3 1 5 .4 2 0 .7 3 4 6 4 0 18 3 . 2 -71  4 3  41 1 4 .6 1 0 .7 1
4 0 0 0 17 2 7 .6 - 7 2  2 2  3 3 1 5 .3 2 0 .8 4 4 6 5 0 18 1 3 .9 - 7 2  14  2 9 1 4 .0 4 0 .7 8
4 0 1 0 17 2 3 .9 -7 2  8 51 1 2 .0 3 1 .1 3 4 6 6 0 18 12 .1 -7 2  7 4 3 1 4 .1 1 0 .8 8
4 0 2 0 17 3 6 .6 -7 2  4 7  2 8 1 5 .0 2 0 .7 2 4 6 7 0 18 1 3 .8 - 7 2  10  5 2 1 4 .8 4 0 .8 7
4 0 3 0 17 3 7 .5 -7 2  4 6  15 1 5 .7 7 0 .6 9 4 6 8 0 18 1 5 .3 - 7 2  14  4 1 1 4 .0 4 0 .8 5
4 0 4 0 17 2 7 .8 -7 2  11 9 1 3 .6 8 0 .7 1 4 6 9 0 18 1 9 .6 -7 2  2 6  15 1 4 .5 4 0 .9 3
4 0 5 0 17 4 1 . 4 - 7 2  51  13 1 4 .3 1 0 .6 4 4 7 0 0 18 2 4 .2 -7 2  3 9  4 5 1 5 .7 1 0 .6 6
4 0 6 0 17 4 7 . 7 -73  7 6 1 5 .3 4 0 .7 5 4 7 1 0 18 8 . 4 -71  51  51 1 5 .1 7 0 .6 2
4 0 7 0 17 3 4 .9 -7 2  2 6  4 5 1 4 .6 7 0 .7 2 4 7 2 0 18 2 2 .9 - 7 2  3 3  4 5 1 2 .8 7 0 .7 8
4 0 8 0 17 1 8 .7 -71 3 2  4 3 1 2 .0 2 1 .1 2 4 7 3 0 18 2 9 .4 - 7 2  4 8  33 1 5 .3 3 0 .4 9
4 0 9 0 17 2 1 .1 -71 3 7  2 9 1 4 .2 2 0 .8 8 4 7 4 0 18 1 5 .5 - 7 2  9 6 1 4 .0 7 0 .8 5
4 1 0 0 17 4 0 . 7 - 7 2  4 1  0 1 4 .7 9 0 .6 6 4 7 5 0 18 1 8 .9 - 7 2  15 2 4 1 5 .8 7 0 .4 8
4 1 1 0 17 3 2 .9 - 7 2  2 12 1 5 .2 2 0 .7 0 4 7 6 0 18 2 3 .7 - 7 2  2 4  3 7 1 5 .0 5 0 .8 5
4 1 2 0 17 2 8 . 4 -71 4 6  1 1 4 .5 9 0 .7 5 4 7 7 0 18 2 5 .0 - 7 2  2 7  5 4 1 4 .6 8 0 .9 7
4 1 3 0 17 4 1 .3 -7 2  2 4  7 1 0 .4 1 0 .3 0 4 7 8 0 18 2 7 . 2 -7 2  31  8 1 4 .4 8 0 .9 6
4 1 4 0 17 4 1 . 4 -7 2  2 4  19 1 4 .2 1 0 .9 3 4 7 9 0 18 2 7 . 4 - 7 2  2 9  2 7 1 4 .9 9 0 .8 1
4 1 5 0 17 4 8 .5 -7 2  4 5  4 0 1 5 .4 5 0 .6 9 4 8 0 0 18 2 8 .5 - 7 2  31  5 9 1 2 .7 0 0 .8 2
4 1 6 0 17 3 8 . 0 -7 2  10  3 2 1 5 .6 5 0 .6 5 4 8 1 0 18 4 1 .3 -7 3  6 2 4 1 2 .5 8 1 .1 8
4 1 7 0 17 5 7 . 0 -73 4  18 1 5 .5 4 0 .5 3 4 8 2 0 18 2 2 .5 -7 2  14  5 7 1 3 .8 9 0 .9 5
4 1 8 0 17 4 2 . 6 -7 2  17 11 1 5 .0 8 0 .8 5 4 8 3 0 18 2 3 .9 -7 2  18 2 2 1 4 .6 5 0 .9 0
4 1 9 0 17 4 2 . 7 -7 2  17  11 1 5 .0 8 0 .8 5 4 8 4 0 18 2 4 .3 -7 2  19  4 4 1 4 .3 7 0 .7 1
4 2 0 0 17 3 0 .6 -71 3 6  16 1 4 .8 4 1 .0 4 4 8 5 0 18 1 5 .3 -71  5 2  3 5 1 5 .7 3 0 .5 4
4 2 1 0 17 3 6 .8 -71 5 3  3 0 1 5 .0 8 0 .7 2 4 8 6 0 18 1 6 .2 -71 5 4  5 5 1 4 .2 1 0 .8 1
4 2 2 0 17 4 1 . 0 -7 2  6 4 7 1 5 .4 7 0 .7 8 4 8 7 0 18 2 4 .9 -7 2  19 2 2 1 3 .1 7 1 .1 5
4 2 3 0 17 3 7 . 6 -71 5 5  2 1 5 .0 7 0 .6 0 4 8 8 0 18 2 8 .7 - 7 2  3 0  13 1 4 .5 5 0 .9 1
4 2 4 0 18 5 .3 -73  9 4 4 1 4 .9 9 0 . 6 2 4 8 9 0 18 2 7 .7 - 7 2  2 4  5 6 1 5 .3 5 0 .8 5
4 2 5 0 18 2 .1 -7 2  4 9  2 6 1 4 .4 4 0 .9 4 4 9 0 0 18 2 9 .7 - 7 2  2 9  4 5 1 4 .0 8 0 .8 1
4 2 6 0 17 4 6 . 4 -7 2  1 2 0 1 4 .8 0 0 .7 2 4 9 1 0 18 2 9 .7 - 7 2  3 0  5 0 1 4 .1 2 0 .8 3
4 2 7 0 17 4 4 .7 -71 5 5  2 0 1 4 .4 4 0 .5 6 4 9 2 0 18 3 8 .3 - 7 2  5 3  5 1 5 .2 3 0 .8 4
4 2 8 0 17 5 2 .8 -7 2  19  4 3 1 4 .0 3 0 .8 4 4 9 3 0 18 3 0 .8 -7 2  3 1  4 4 1 5 .6 0 0 .7 4
4 2 9 0 17 5 4 .5 -7 2  2 2  4 3 1 5 .6 0 0 .7 7 4 9 4 0 18 1 9 .7 -71 5 5  5 7 1 4 .9 0 0 .6 6
4 3 0 0 18 8 .3 -7 3  1 4 5 1 5 .6 2 0 .5 9 4 9 5 0 18 14 .1 -71 3 8  3 7 1 4 .8 5 0 .0 7
4 3 1 0 17 5 8 .7 -7 2  3 2  3 5 1 3 .8 8 0 .8 9 4 9 6 0 18 2 9 .4 - 7 2  2 1  18 1 2 .1 5 1 .51
4 3 2 0 17 5 9 . 4 -7 2  3 4  2 9 1 4 .5 0 0 .9 4 4 9 7 0 18 3 1 .4 - 7 2  2 4  12 1 4 .0 8 0 .8 1
4 3 3 0 17 4 9 . 5 -71 5 9  3 1 4 .6 8 0 .7 5 4 9 8 0 18 3 1 .3 -7 2  2 0  3 2 1 5 .4 5 0 .6 7
4 3 4 0 17 5 1 .7 -7 2  4  3 7 1 2 .6 2 0 .9 0 4 9 9 0 18 3 0 .7 - 7 2  16  5 6 1 4 .0 5 0 .8 0
4 3 5 0 17 5 7 .9 -7 2  18  31 1 5 .0 0 0 .8 1 5 0 0 0 18 3 7 .0 - 7 2  3 4  2 7 1 3 .9 8 0 .7 7
4 3 6 0 18 6 .2 -7 2  4 1  5 7 1 3 .7 8 1 .0 7 501 0 18 2 3 . 0 -71 5 0  4 0 1 4 .7 0 0 .6 1
4 3 7 0 17 5 0 .3 -71 5 2  16 1 5 .6 8 0 .5 7 5 0 2 0 18 3 7 .7 - 7 2  3 0  15 1 2 .6 4 1 .35
4 3 8 0 18 8 .7 -7 2  4 5  5 6 1 4 .5 6 0 .6 2 5 0 3 0 18 2 1 . 0 -71  4 3  1 1 1 .7 3 0 .0 4
4 3 9 0 17 5 9 .6 -7 2  17  17 1 5 .4 8 0 .7 5 5 0 4 0 18 2 4 . 0 -71 4 9  31 1 3 .8 8 0 .9 7
4 4 0 0 17 5 9 .7 -7 2  18 51 1 4 .5 3 0 .9 0 5 0 5 0 18 3 4 .3 - 7 2  18 4 7 1 4 .8 0 0 .7 9
4 4 1 0 18 2 .2 -7 2  2 5  5 9 1 5 .7 4 0 .7 3 5 0 6 0 18 4 1 . 2 - 7 2  3 6  3 6 1 4 .5 1 0 .9 6
4 4 2 0 17 4 8 . 2 -71 4 0  3 3 1 4 .1 5 0 .9 8 5 0 7 0 18 4 1 .8 - 7 2  3 8  19 1 2 .8 8 1 .2 6
4 4 3 0 17 5 5 .7 -7 2  2 16 1 3 .1 2 0 .7 5 5 0 8 0 18 4 0 .1 - 7 2  31  4 0 1 4 .0 1 0 .8 7
4 4 4 0 18 0 .9 -7 2  17 5 7 1 5 .1 2 0 .5 2 5 0 9 0 18 2 2 . 0 -71 3 9  18 1 4 .7 7 1 .0 0
4 4 5 0 17 5 5 .9 -7 2  1 2 9 1 5 .3 9 0 .6 5 5 1 0 0 18 3 2 .0 - 7 2  4  51 1 4 .6 8 0 .9 2
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TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
511 0  18 39.1 -72  21  50 15.52 0.74 576 0 19 16.4 -72  32  5 13.16 1.16
512 0  18 41.5 -72  28  23 13.79 0.82 577 0 19 20.6 -72  43  11 14.31 0 .70
513 0  18 39 .2 -72  21  2 13.40 0.71 578 0 19 17.6 -72  34  16 13.38 1.14
514 0  18 35 .6 -72  10  2 11.83 0.63 579 0  19 30.0 -73  3 2 14.17 0 .66
515 0  18 43.7 -72  30  37 15.49 0.62 580 0 19 12.6 -72  20  28 14.94 0.88
516 0  18 4 5 .6 -72  35  37 12.64 1.22 581 0 19 15.1 -72  27  7 14.60 0.87
517 0  18 46 .6 -72  36  13 15.27 0.72 582 0 19 24.1 -72  47  53 14.15 0.83
518 0 18 27.5 -71 43  10 12.65 0.86 583 0 19 14.4 -72  21  6 14.08 0.84
519 0 18 4 5 .4 -72  29  3 15.14 0.70 584 0 19 16.7 -72  27  22 14.42 0.88
520 0 18 4 3 .2 -72  21  28 13.99 0.80 585 0  19 19.1 -72  33  36 15.59 0.73
521 0 18 52.5 -72  42  51 13.69 1.07 586 0 19 3.3 -71 53  9 14.44 0 .74
522 0 18 48 .7 -72  32  0 14.97 0.95 587 0 19 13.1 -72  17 16 14.65 0.88
523 0 18 51.6 -72  36  38 14.28 0.63 588 0 19 21.8 -72  36  55 15.53 0.79
524 0 18 43.5 -72  15 29 14.93 0.66 589 0 19 24.2 -72  41  29 11.78 1.72
525 0 18 44.5 -72  17 58 15.39 0.88 590 0 19  4 .2 -71  50  38 12.70 0.64
526 0 18 39.7 -72  1 22 15.69 0.45 591 0 19 13.8 -72  14  53 15.00  - 0.08
527 0  18 32 .6 -71 39  48 14.63 0.81 592 0 19 19.8 -72  29  18 14.07 0.88
528 0 18 4 5 .2 -72  12  28 15.68 0.70 593 0 18 59.0 -71  36  8 9.76 1.72
529 0 18 46 .8 -72  17  22 12.98 0.98 594 0 19 24.6 -72  39  15 14.73 1.03
530 0  18 4 9 .2 -72  22  53 14.16 0.91 595 0 19 4 .7 -71  49  2 14.47 0 .92
531 0 18 53 .2 -72  29  27 15.03 0.84 596 0 19 19.0 -72  25  32 13.83 1.03
532 0  18 55.1 -72  32  10 14.30 0.98 597 0 19 21.0 -72  30  23 15.34 0.91
533 0 18 45 .2 -72  5 50 15.41 0.90 598 0 19 23.3 -72  35  6 13.49 1.09
534 0 19 1.4 -72  46  35 15.50 0.65 599 0 19 25.2 -72  39  52 13.20 1.05
535 0 18 51.9 -72  21  47 14.71 0.89 600 0 19 13.5 -72  9 39 14.00 0 .86
536 0  18 39.5 -71  41  57 13.88 0.97 601 0 19  15.8 -72  15 49 14.15 1.03
537 0 18 59.7 -72  34  40 15.02 0.58 602 0 19  17.5 -72  20  5 14.15 0.95
538 0 18 42.1 -71 47  16 13.14 0.85 603 0 19 19.5 -72  25  4 13.06 1.09
539 0 18 59 .2 -72  31  41 12.06 1.51 604 0 19 16.8 -72  16  29 15.69 0.81
540 0  19 1.4 -72  35  23 14.76 0.88 605 0 19 22.5 -72  29  38 13.76 1.02
541 0 18 56.5 -72  21  17 15.25 0.86 606 0 19  24.5 -72  34  10 14.73 0.71
542 0 18 56.9 -72  22  46 13.24 0.82 607 0 19 12.7 -72  4  33 13.99 0 .80
543 0 18 59 .2 -72  27  16 14.15 0.82 608 0 19 23.5 -72  30  46 13.99 0.79
544 0 19 1.3 -72  33  32 14.88 0.83 609 0 19 21.1 -72  23  58 15.43 0.69
545 0 18 58.7 -72  25  4 15.50 0.75 610 0 19 23.5 -72  29  19 14.20 0.97
546 0 18 55.6 -72  14  58 13.97 0.76 611 0 19  7 .2 -71  47  12 12.51 1.22
547 0 18 41.1 -71 35  42 14.30 0.72 612 0 19 20.8 -72  20  37 14.89 0.89
548 0 18 50 .0 -71  59  40 12.53 0.97 613 0 19 20.6 -72  21  11 15.86 0.58
549 0 18 57.6 -72  18 21 14.55 0.93 614 0 19  25.2 -72  32  19 13.60 0.87
550 0 19 10.1 -72  50  38 14.64 0.93 615 0 19 19.5 -72  16  38 11.77 1.69
551 0 18 46 .4 -71 48  1 14.56 0.95 616 0 19 21.4 -72  21  22 13.98 1.03
552 0 19 3 .0 -72  31  41 15.03 0.86 617 0 19 16.1 -72  6 41 14.04 0.77
553 0  19 4.3 -72  33  35 14.06 0.81 618 0 19 21.7 -72  20  18 13.48 1.02
554 0  18 55.5 -72  8 54 14.38 0.78 619 0 19  27.7 -72  35  4 15.24 0.73
555 0 19 18.4 -73  1 59 12.80 0.76 620 0 19 24.3 -72  23  22 16.03 0.54
556 0 19 22 .2 -73  9 15 15.69 0.54 621 0 19  33.3 -72  44  23 15.43 0.56
557 0 19 4.5 -72  24  42 14.32 1.12 622 0 19  43.1 -73  6 12 14.56 1.32
558 0 19 4 .6 -72  22  15 14.96 0.88 623 0 19 45.1 -73  10  26 15.38 0.95
559 0 19 9.4 -72  32  51 14.59 0.92 624 0 19 25.1 -72  22  29 14.07 0.81
560 0  19 10.1 -72  33  53 13.39 0.69 625 0 19 28.6 -72  30  47 13.54 1.12
561 0 19 23.3 -73  5 22 14.88 0.74 626 0 19 28.8 -72  31  27 15.21 0.65
562 0  19 14.9 -72  42  39 14.07 0.84 627 0 19 28.5 -72  29  1 15.50 0.69
563 0  18 56.8 -71  55  6 12.69 1.25 628 0 19 11.8 -71 44  42 12.15 0.71
564 0  19 7.3 -72  21  42 15.61 0.76 629 0 19  23.6 -72  13 34 14.40 0.96
565 0  19 8.6 -72  25  45 13.85 0.87 630 0 19  14.1 -71  49  5 15.04 0.68
566 0 19 22.7 -72  58  .45 15.02 0.64 631 0  19 19.0 -72  0 35 11.76 0.73
567 0  19 19.9 -72  50  2 13.17 0.83 632 0 19 28.5 -72  24  0 15.42 0.78
568 0 19 10.5 -72  26  19 14.11 0.82 633 0 19 16.5 -71 53  44 14.97 0.71
569 0 19 10.4 -72  26  41 14.09 0.83 634 0 19  20.9 -72  4  4 14.48 0.97
570 0 19 10.2 -72  24  29 13.27 0.83 635 0 19 22.5 -72  8 14 15.05 0.41
571 0  19 15.6 -72  35  3 13.75 1.07 636 0 19  28.3 -72  21  55 12.79 1.21
572 0 19 8.2 -72  14  29 13.23 1.15 637 0 19 31.5 -72  26  50 14.04 0.91
573 0 19 11.0 -72  22  7 13.57 1.08 638 0 19  37.8 -72  41  13 14.13 0 .84
574 0 19 2.1 -71 58  7 12.85 1.04 639 0 19 11.9 -71  36  59 13.46 0.57
575 0 19 3.6 -72  0 44 15.76 0.41 640 0 19 32.4 -72  27  2 13.90 0.94
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TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
6 4 1 0 19 2 1 .0 -71 5 7  5 9 1 4 .1 9 0 .7 8 7 0 6 0 19 5 4 .1 - 7 2  3 4  2 1 4 .5 5 0 .8 9
6 4 2 0 19 2 9 .5 -7 2  19  3 1 4 .7 7 0 .8 5 7 0 7 0 19 3 3 .3 -71 4 4  41 1 5 .5 0 0 .6 7
6 4 3 0 19 3 4 .1 -7 2  2 9  13 1 3 .8 7 1 .03 7 0 8 0 19 4 8 .1 -7 2  19  4 0 1 4 .8 3 0 . 8 2
6 4 4 0 19 1 7 .2 -71 4 7  4 6 1 2 .2 6 0 .6 8 7 0 9 0 19 5 9 .0 -7 2  4 3  4 3 1 3 .9 1 0 .8 5
6 4 5 0 19 2 5 .5 -7 2  7 2 5 1 5 .1 2 0 .8 9 7 1 0 0 19 5 1 .0 - 7 2  2 4  2 7 1 1 .7 5 1 .6 3
6 4 6 0 19 2 7 .9 - 7 2  13 4 6 1 4 .1 2 0 .8 6 7 1 1 0 19 3 5 .8 -71 4 7  51 1 3 .7 7 0 . 7 0
6 4 7 0 19 3 4 .3 -7 2  2 8  3 5 1 5 .5 0 0 .8 3 7 1 2 0 19 5 0 .1 -7 2  2 0  16 1 5 .4 1 0 . 7 4
6 4 8 0 19  2 1 . 2 -71 5 5  3 9 1 5 .0 0 0 .9 1 7 1 3 0 19 5 2 .6 -7 2  2 6  3 1 5 .5 5 0 .7 9
6 4 9 0 19 3 4 .7 -7 2  2 7  41 1 2 .8 9 1 .2 6 7 1 4 0 19 5 0 .7 - 7 2  2 0  3 5 1 2 .0 3 1 .5 3
6 5 0 0 19 3 1 .8 -7 2  19  5 2 1 3 .5 2 0 .7 0 7 1 5 0 19 5 1 .8 -7 2  2 3  5 4 1 2 .4 6 1 .2 7
65 1 0 19 3 2 .3 -7 2  2 0  4 9 1 5 .2 7 0 .7 6 7 1 6 0 19 5 4 .0 - 7 2  2 7  2 2 1 3 .1 4 1 .0 7
6 5 2 0 19 3 6 .3 -7 2  2 9  51 1 4 .3 6 1 .01 7 1 7 0 19 5 5 .2 - 7 2  31  11 1 5 .7 5 0 .5 8
6 5 3 0 19 3 4 . 2 - 7 2  2 2  5 3 1 3 .9 8 0 .8 3 7 1 8 0 19 5 8 .5 - 7 2  3 8  11 1 1 .7 0 0 .5 3
6 5 4 0 19 3 6 . 2 -7 2  2 7  5 3 1 4 .8 0 0 .6 8 7 1 9 0 2 0  3 .8 - 7 2  4 7  5 3 1 4 .0 5 0 .7 1
6 5 5 0 19 4 5 .6 - 7 2  4 9  4 3 1 5 .7 2 0 .5 5 7 2 0 0 19 5 0 .8 -7 2  18 11 1 4 .7 1 0 .8 9
6 5 6 0 19 4 9 .8 -7 2  5 8  18 1 5 .9 1 0 .5 4 721 0 19 5 3 .8 -7 2  2 4  5 1 4 .3 8 0 . 9 4
6 5 7 0 19 5 5 .4 -73  10  0 1 3 .4 5 0 .8 3 7 2 2 0 19 5 8 .3 - 7 2  3 4  4 2 1 2 .1 7 1 .4 5
6 5 8 0 19 3 6 . 2 -7 2  2 7  19 1 5 .0 8 0 .7 4 7 2 3 0 19 4 8 .7 - 7 2  11 3 3 1 4 .0 5 0 .8 1
6 5 9 0 19 3 9 .8 -7 2  31  3 9 1 5 .2 2 0 .6 3 7 2 4 0 19 5 7 .5 - 7 2  31  2 5 1 4 .8 9 0 . 5 4
6 6 0 0 19 3 7 . 2 -7 2  2 4  3 0 1 2 .7 8 1 .0 2 7 2 5 0 2 0  8 .9 -7 2  5 6  2 5 1 5 .5 2 0 . 8 0
6 6 1 0 19 3 7 .8 -7 2  2 5  19 1 2 .5 4 1 .2 6 7 2 6 0 19 5 2 .2 - 7 2  17  11 1 2 .6 0 1 .3 1
6 6 2 0 19 4 3 . 0 -7 2  3 8  21 1 3 .7 0 0 .6 7 7 2 7 0 19 5 8 .6 - 7 2  3 0  21 1 4 .7 7 0 .8 6
6 6 3 0 19 3 6 .8 -7 2  21  4 9 1 3 .6 5 0 .8 3 7 2 8 0 19  3 4 .7 -71 3 3  3 4 1 5 .5 7 0 .5 9
6 6 4 0 19 5 2 .8 - 7 2  5 8  17 1 4 .7 4 0 .8 7 7 2 9 0 19 4 5 .6 - 7 2  0 5 2 1 5 .3 5 0 .6 8
6 6 5 0 19 2 4 . 0 -71 4 9  2 2 1 5 .5 7 0 .5 9 7 3 0 0 1 9  5 6 .8 - 7 2  2 5  3 7 1 4 .1 5 0 .8 7
6 6 6 0 19 3 7 .6 -7 2  2 2  4 4 1 4 .1 6 0 .8 8 73 1 0 19  5 5 .0 -7 2  19  58 1 2 .5 8 1 .2 6
6 6 7 0 19 4 0 . 0 -7 2  2 7  4 1 5 .3 3 0 .8 2 7 3 2 0 19 5 7 .3 - 7 2  2 4  5 4 1 5 .0 9 0 .8 3
6 6 8 0 19 5 0 .1 -7 2  5 0  3 3 1 5 .7 5 0 .7 4 7 3 3 0 2 0  3 .9 - 7 2  3 9  2 1 4 .2 1 0 .7 9
6 6 9 0 19 3 7 .7 -7 2  21  5 1 5 .8 1 0 .5 4 7 3 4 0 19  4 4 .3 -71 5 4  18 1 4 .9 8 1 .2 4
6 7 0 0 19 4 0 . 0 -7 2  2 7  4 1 5 .3 3 0 .8 2 7 3 5 0 19  5 9 . 0 - 7 2  2 7  5 9 1 4 .5 2 0 .9 9
6 71 0 19 4 0 .6 -7 2  2 8  14 1 4 .4 6 0 .8 6 7 3 6 0 2 0  1 .0 - 7 2  31  16 1 3 .7 7 1 .0 3
6 7 2 0 19  4 9 . 3 -7 2  4 6  4 2 1 4 .9 8 0 .6 2 7 3 7 0 19  5 0 .6 - 7 2  7 3 3 1 4 .7 7 0 .8 9
6 7 3 0 19 3 8 .6 -7 2  2 1  5 0 1 3 .6 6 1 .0 2 7 3 8 0 1 9  5 7 .6 - 7 2  2 2  2 3 1 2 .8 4 1 .1 0
6 7 4 0 19  3 9 . 2 -7 2  2 3  2 4 1 4 .2 8 0 .9 7 7 3 9 0 19 5 6 .6 - 7 2  19  11 1 4 .0 9 0 .8 7
6 7 5 0 19 3 1 .7 - 7 2  2  12 1 4 .4 7 0 .5 7 7 4 0 0 19 5 6 .5 - 7 2  17 2 4 1 5 .2 9 0 .8 1
6 7 6 0 19 2 4 . 4 -71 4 2  4 2 1 4 .7 9 0 .6 8 741 0 19 5 7 .6 - 7 2  2 0  0 1 3 .9 0 0 .9 5
6 7 7 0 19 3 4 .9 -7 2  7 3 9 1 5 .6 5 0 .6 3 7 4 2 0 19  5 7 .6 - 7 2  2 0  3 7 1 3 .3 9 0 .8 8
6 7 8 0 19 3 6 .9 -7 2  13 2 9 1 4 .5 9 0 .9 8 7 4 3 0 2 0  1 .5 - 7 2  2 8  2 1 4 .8 7 0 .8 3
6 7 9 0 19 2 6 .9 -71 4 7  21 1 4 .4 4 0 .6 5 7 4 4 0 2 0  3 .3 -7 2  3 2  2 1 1 2 .1 0 1 .5 2
6 8 0 0 19 4 4 . 4 -7 2  2 9  0 1 4 .5 0 0 .9 0 7 4 5 0 19 3 7 .4 -71 3 2  19 1 3 .7 3 0 .7 7
68 1 0 19 3 5 . 4 - 7 2  6 3 4 1 3 .0 2 0 .8 3 7 4 6 0 19 5 3 .6 - 7 2  9 3 9 1 3 .9 4 0 .8 1
6 8 2 0 19 4 1 .3 -7 2  2 0  7 1 4 .6 4 0 .9 2 7 4 7 0 19  5 8 .7 - 7 2  2 0  5 5 1 4 .3 6 0 .5 8
6 8 3 0 19 4 1 . 7 -7 2  2 0  4 7 1 5 .4 9 0 .8 7 7 4 8 0 19 5 9 .8 -7 2  2 3  3 0 1 4 .3 1 0 .9 9
6 8 4 0 19 4 2 . 7 -7 2  2 3  4 3 1 2 .9 7 1 .1 3 7 4 9 0 2 0  4 . 0 - 7 2  3 2  5 5 1 3 .2 6 1 .1 3
6 8 5 0 19 3 4 .8 -7 2  3 51 1 4 .6 1 0 .6 8 7 5 0 0 2 0  1 7 .7 -7 3  1 2 5 1 4 .2 9 0 .5 7
6 8 6 0 19 4 3 . 4 -7 2  2 3  5 1 1 3 .0 1 1 .1 3 75 1 0 2 0  0 .5 - 7 2  2 3  4 8 1 3 .9 6 1 .0 2
6 8 7 0 19 4 6 .5 -7 2  2 9  5 7 1 2 .4 3 1.31 7 5 2 0 2 0  5 .9 - 7 2  3 5  3 4 1 3 .9 3 0 .8 8
6 8 8 0 19 4 8 .1 -7 2  3 4  19 1 4 .1 2 0 .8 9 7 5 3 0 19  4 7 .2 -71 5 2  9 1 5 .0 5 1 .2 6
6 8 9 0 19 4 8 . 9 -7 2  3 4  3 5 1 5 .8 2 0 .5 4 7 5 4 0 2 0  1 .7 - 7 2  2 3  2 2 1 3 .5 1 0 .8 8
6 9 0 0 19 4 9 .5 -7 2  3 5  4 7 1 4 .0 6 0 .8 0 7 5 5 0 2 0  1 .8 - 7 2  2 4  1 2 1 5 .2 8 0 .8 3
6 9 1 0 19 5 0 . 6 -7 2  3 8  5 2 1 4 .0 8 0 .7 1 7 5 6 0 2 0  3 .3 -7 2  2 7  0 1 4 .0 1 0 . 8 4
6 9 2 0 19 4 4 . 2 -7 2  2 3  9 1 5 .5 2 0 .7 0 7 5 7 0 2 0  5 .0 -7 2  3 0  41 1 3 .8 9 1 .1 0
6 9 3 0 19 4 5 . 6 -7 2  2 5  3 8 1 4 .0 9 0 .8 3 7 5 8 0 2 0  0 .6 -7 2  19 5 7 1 3 .1 6 0 .9 1
6 9 4 0 19 4 3 . 6 -7 2  19  4 7 1 4 .5 1 0 .9 3 7 5 9 0 2 0  7 .7 -7 2  3 4  5 3 1 5 .2 1 0 .7 7
6 9 5 0 19 4 9 . 4 -7 2  3 3  4 1 5 .4 3 0 .6 2 7 6 0 0 19  5 9 .8 - 7 2  16  2 8 1 4 .4 5 0 .8 8
6 9 6 0 19 5 9 .3 -7 2  5 4  2 3 1 5 .4 8 0 .5 4 761 0 2 0  0 .9 - 7 2  18 3 8 1 5 .8 1 0 .6 4
6 9 7 0 2 0  5 . 2 -73  6 4 9 1 4 .9 4 1 .25 7 6 2 0 2 0  3 .1 - 7 2  2 2  51 1 1 .7 9 1 .7 0
6 9 8 0 19 5 0 . 2 -7 2  3 3  2 3 1 5 .3 9 0 .7 5 7 6 3 0 2 0  2 .7 - 7 2  2 3  7 1 4 .2 6 1 .0 3
6 9 9 0 19 2 8 .7 -71 4 1  4 0 1 5 .3 4 0 .7 7 7 6 4 0 19  5 5 .4 - 7 2  4  10 1 5 .2 8 0 .8 3
7 0 0 0 19 4 2 . 9 -7 2  14  5 4 1 4 .4 9 0 .9 7 7 6 5 0 2 0  1 .7 - 7 2  19  8 1 4 .2 1 0 .8 6
7 0 1 0 19 4 3 . 6 -7 2  16  5 0 1 4 .5 6 0 .9 5 7 6 6 0 2 0  4 . 2 -7 2  2 2  2 7 1 4 .1 6 0 . 8 2
7 0 2 0 19 4 7 .5 -7 2  2 4  3 8 1 3 .9 9 0 .8 2 7 6 7 0 2 0  1 .4 -7 2  15 2 3 1 4 .0 1 0 . 8 0
7 0 3 0 19 4 8 . 6 -7 2  2 8  2 5 1 3 .0 7 1 .0 4 7 6 8 0 2 0  5 .5 - 7 2  2 4  53 1 5 .3 1 0 .8 4
7 0 4 0 19 5 0 . 4 -7 2  2 7  17 1 4 .7 7 0 .4 7 7 6 9 0 2 0  5 .1 -7 2  21  2 5 1 4 .6 7 0 .9 2
7 0 5 0 19 5 1 .4 -7 2  2 8  3 4 1 4 .0 2 0 .8 2 7 7 0 0 2 0  5 .0 -7 2  2 2  7 1 4 .0 8 0 .7 9
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TABLE 1 cont. Photometry for 47 Tue Stars
ID
(1)
RA (1950) Dec 
(2) (3)
V (B-V) 
(4) (5)
ID
( 1)
RA (1950) Dec 
(2) (3)
V (B-V) 
(4) (5)
771 0 20 13.7 -72 40 8 14.48 1.05 836 0 20 22.0 -72 28 16 14.12 0.91
772 0 20 13.9 -72 41 15 14.51 0.96 837 0 20 22.7 -72 29 24 14.00 0.89
773 0 20 23 .6 -73 0 57 15.45 0.72 838 0 20 25 .0 -72 35 10 13.01 1.10
774 0 20 9 .6 -72 30 47 14.78 0.91 839 0 20 40.6 -73 6 27 15.49 0.59
775 0 19 58.6 -72 4 45 14.51 1.02 840 0 20 42.8 -73 10 33 14.97 0.89
776 0 20 0.6 -72 9 18 15.59 0.78 841 0 20 18.3 -72 19 8 15.52 0.78
111 0 20 2.8 -72 14 37 13.69 0.89 842 0 20 20.6 -72 23 48 14.46 0.69
778 0 20 3.5 -72 16 4 14.45 0.89 843 0 20 20.9 -72 24 56 15.17 0.85
779 0 20 7 .6 -72 24 3 13.90 0.83 844 0 20 17.8 -72 16 52 13.82 0.85
780 0 19 50 .4 -71 44 52 15.03 0.96 845 0 20 22.5 -72 26 52 13.85 0.89
781 0 20 9.7 -72 28 4 15.43 0.85 846 0 20 27.1 -72 36 45 15.67 0.65
782 0 20 8.4 -72 23 44 12.07 1.51 847 0 20 7 .0 -71 51 37 12.14 0.84
783 0 20 8.9 -72 24 31 14.09 0.86 848 0 20 14.5 -72 9 2 15.17 0.89
784 0 20 9 .6 -72 26 14 14.33 0.90 849 0 20 16.7 -72 13 19 14.12 0.93
785 0 20 4 .6 -72 13 31 15.83 0.65 850 0 20 19.2 -72 18 49 11.81 1.71
786 0 20 4 .8 -72 14 11 13.98 0.79 851 0 20 21.0 -72 22 48 15.06 0.82
787 0 20 7.5 -72 20 3 15.45 0.58 852 0 20 25.7 -72 32 35 12.40 1.32
788 0 20 11.4 -72 28 38 15.48 0.80 853 0 20 20.8 -72 19 53 12.73 0.99
789 0 20 11.7 -72 28 15 14.68 0.95 854 0 20 33.1 -72 45 41 14.60 1.10
790 0 20 15.6 -72 35 34 13.83 0.92 855 0 20 12.5 -72 1 16 15.32 0.60
791 0 20 4 .6 -72 11 17 12.33 1.24 856 0 20 22.5 -72 23 0 14.04 0.86
792 0 20 11.1 -72 25 2 12.87 1.04 857 0 20 21.0 -72 18 0 14.61 0.85
793 0 20 23.3 -72 50 10 13.05 1.09 858 0 20 22.4 -72 20 47 14.17 0.75
794 0 20 33.1 -73 9 48 13.68 0.64 859 0 20 24.6 -72 25 44 14.07 0.90
795 0 20 5.2 -72 11 27 13.10 1.00 860 0 20 25.8 -72 28 25 14.06 0.87
796 0 20 9 .0 -72 19 42 14.27 0.94 861 0 20 21.0 -72 17 6 15.29 0.76
797 0 20 10.1 -72 21 18 15.41 0.70 862 0 20 25.1 -72 26 3 13.81 0.90
798 0 20 11.1 -72 23 46 13.74 1.21 863 0 20 25.9 -72 27 52 14.85 0.87
799 0 20 10.8 -72 21 32 13.90 0.80 864 0 20 28.2 -72 32 29 14.94 0.96
800 0 20 11.5 -72 23 22 13.73 0.87 865 0 20 11.3 -71 55 5 15.47 0.73
801 0 20 13.5 -72 28 3 15.49 0.72 866 0 20 21 .2 -72 16 4 14.16 0.89
802 0 20 18.5 -72 37 40 15.48 0.70 867 0 20 26.0 -72 25 33 12.16 1.45
803 0 20 14.8 -72 28 42 14.14 0.87 868 0 20 26.1 -72 26 24 14.25 1.05
804 0 20 9.1 -72 14 44 13.92 0.76 869 0 20 32.8 -72 40  28 14.10 0.81
805 0 20 12.6 -72 22  38 13.94 0.89 870 0 20 44.7 -73 4 4 13.92 0.98
806 0 20 15.7 -72 29 8 15.20 0.80 871 0 20 20.0 -72 12 13 14.95 0.87
807 0 20 16.1 -72 29 32 14.03 0.83 872 0 20 25.5 -72 23 51 15.31 0.81
808 0 20 19.3 -72 37 23 14.21 1.04 873 0 20 48.5 -73 9 12 15.35 0.80
809 0 19 58.8 -71 50 41 14.30 0.93 874 0 20 20.4 -72 11 7 14.77 0.93
810 0 20 19.7 -72 37 0 13.97 0.69 875 0 20 24.1 -72 18 47 14.17 0.98
811 0 20 11.8 -72 18 16 15.58 0.66 876 0 20 31.6 -72 34 38 14.98 0.63
812 0 20 15.8 -72 27 22 13.77 1.00 877 0 20 21.3 -72 12 30 13.88 0.78
813 0 20 18.0 -72 31 26 14.46 0.94 878 0 20 28.5 -72 26 54 14.00 0.81
814 0 20 23 .0 -72 42  3 15.65 0.60 879 0 20 32.2 -72 34 13 15.64 0.75
815 0 20 9 .0 -72 10 58 13.17 1.36 880 0 20 33 .0 -72 35 41 14.56 0.97
816 0 20 16.7 -72 27 7 13.96 0.83 881 0 20 34.5 -72 39 53 13.17 1.16
817 0 20 2 .0 -71 53 38 15.64 0.62 882 0 20 36.0 -72 41 45 11.87 0.70
818 0 20 11.2 -72 13 44 13.36 0.91 883 0 20 24 .2 -72 17 0 15.38 0.80
819 0 20 14.9 -72 22 35 13.38 1.07 884 0 20 26.0 -72 20 2 13.25 1.14
820 0 20 27.2 -72 48 3 14.06 0.74 885 0 20 51.6 -73 11 10 13.37 1.03
821 0 20 11.6 -72 13 17 14.04 0.86 886 0 20 23.0 -72 12 8 14.05 0.86
822 0 20 11.7 -72 13 35 13.80 0.89 887 0 20 30.2 -72 27 25 14.16 0.85
823 0 20 10.6 -72 10 1 13.48 1.13 888 0 20 18.8 -72 2 49 14.85 0.93
824 0 20 18.8 -72 26 46 15.39 0.77 889 0 20 26.4 -72 18 25 14.66 0.90
825 0 20 22.0 -72 33 34 15.35 0.83 890 0 20 29.1 -72 23 48 13.61 0.87
826 0 20 23.7 -72 37 12 15.78 0.74 891 0 20 20.3 -72 3 43 14.02 0.84
827 0 20 28.7 -72 48 24 13.66 0.70 892 0 20 30.5 -72 25 46 13.57 0.87
828 0 20 12.7 -72 12 51 14.83 0.87 893 0 20 31.0 -72 27 8 13.35 0.89
829 0 20 15.9 -72 20 0 13.48 1.05 894 0 20 35.9 -72 36 16 15.19 0.74
830 0 20 16.3 -72 20 46 13.45 0.93 895 0 20 26.6 -72 16 26 14.15 0.90
831 0 20 17.4 -72 23 27 12.90 1.24 896 0 20 29.0 -72 20 39 14.46 0.84
832 0 20 15.6 -72 18 19 11.96 1.57 897 0 20 32.7 -72 28 27 15.57 0.81
833 0 20 18.6 -72 23 16 13.72 0.87 898 0 20 33.1 -72 29 56 15.72 0.45
834 0 20 21.2 -72 27 7 14.19 0.84 899 0 20 44.7 -72 52 48 15.82 0.75
835 0 20 21 .4 -72 27 50 11.82 1.73 900 0 20 27.2 -72 15 28 14.00 1.02
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TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
9 0 1 0 2 0  9 .7 -71 3 6  2 9 1 5 .3 3 0 .4 7 9 6 6 0 2 0  4 1 .8 -7 2  2 4  5 9 1 4 .2 3 0 .8 9
9 0 2 0 2 0  2 5 .7 -7 2  11 4 3 1 3 .91 0 .8 4 9 6 7 0 2 0  3 7 .5 - 7 2  14 3 4 1 4 .1 5 0 .9 0
9 0 3 0 2 0  2 8 .5 -7 2  17  11 1 4 .3 8 0 .9 8 9 6 8 0 2 0  4 4 .6 - 7 2  2 8  31 1 4 .8 3 0 .8 8
9 0 4 0 2 0  3 0 .1 -7 2  2 0  5 4 1 3 .2 8 0 .8 5 9 6 9 0 2 0  4 8 .1 -7 2  35  13 1 3 .9 5 0 .8 0
9 0 5 0 2 0  3 0 .8 -7 2  2 2  3 1 4 .1 2 0 .7 7 9 7 0 0 2 0  4 0 .5 -7 2  19 2 9 1 4 .4 0 0 .8 7
9 0 6 0 2 0  3 6 .8 -7 2  3 4  25 1 3 .8 8 1 .0 2 971 0 2 0  4 1 .5 -7 2  21  17 1 4 .5 9 0 .9 2
9 0 7 0 2 0  2 8 . 0 -7 2  1 4  2 3 1 3 .8 4 1 .0 4 9 7 2 0 2 0  4 3 .1 -7 2  2 4  5 1 4 .0 4 0 .9 8
9 0 8 0 2 0  2 7 .8 -7 2  14  4 4 1 5 .5 0 0 .8 4 9 7 3 0 2 0  4 2 .7 -7 2  2 4  2 0 1 3 .7 5 0 .9 6
9 0 9 0 2 0  2 8 .5 -7 2  16  14 1 2 .3 2 0 .6 6 9 7 4 0 2 0  4 4 .1 - 7 2  2 6  38 1 3 .5 3 0 .9 1
9 1 0 0 2 0  2 9 .1 - 7 2  17  2 4 1 3 .7 0 1 .1 0 9 7 5 0 2 0  4 1 .7 - 7 2  2 0  6 1 4 .3 3 0 .7 6
9 1 1 0 2 0  3 0 .6 -7 2  21  2 1 3 .7 9 1 .0 2 9 7 6 0 2 0  4 3 .1 - 7 2  2 3  5 1 4 .4 2 0 .8 3
9 1 2 0 2 0  3 5 .3 - 7 2  3 0  3 7 1 5 .1 8 0 .8 1 9 7 7 0 2 0  4 4 .6 -7 2  2 6  8 1 4 .3 7 0 .7 4
9 1 3 0 2 0  3 4 .5 -7 2  2 7  4 5 1 4 .1 5 0 .8 2 9 7 8 0 2 0  2 2 .5 -71 3 8  53 1 5 .0 0 0 .6 6
9 1 4 0 2 0  4 9 .7 -7 2  5 7  3 3 1 5 .5 9 0 .5 9 9 7 9 0 2 0  4 1 .3 - 7 2  18 5 1 5 .1 5 0 .9 0
9 1 5 0 2 0  3 4 .0 - 7 2  2 4  4 8 1 4 .0 6 0 .8 8 9 8 0 0 2 0  4 4 .3 -7 2  2 3  3 4 1 2 .4 2 1 .41
9 1 6 0 2 0  1 2 .6 -71 3 8  0 1 5 .6 8 0 .5 2 981 0 2 0  3 4 .5 -7 2  2 3 4 1 5 .1 6 0 .8 2
9 1 7 0 2 0  2 6 .3 - 7 2  7 5 1 5 .5 1 0 .6 4 9 8 2 0 2 0  4 2 .5 -7 2  19 2 8 1 4 .6 0 0 .8 7
9 1 8 0 2 0  3 0 .1 -7 2  15 41 1 5 .3 3 0 .7 2 9 8 3 0 2 0  4 3 .4 - 7 2  21  4 0 1 5 .0 0 0 .8 6
9 1 9 0 2 0  3 7 .6 - 7 2  3 1  16 1 2 .4 2 1 .4 7 9 8 4 0 2 0  4 5 .5 - 7 2  2 5  3 9 1 4 .8 4 0 .8 7
9 2 0 0 2 0  4 7 . 4 - 7 2  5 0  10 1 4 .4 2 0 .9 3 9 8 5 0 2 0  4 4 .8 - 7 2  2 2  14 1 3 .6 2 1 .0 9
9 2 1 0 2 0  2 4 .8 -7 2  3 6 1 5 .3 6 0 .7 9 9 8 6 0 2 0  4 5 .6 - 7 2  2 3  4 4 1 3 .1 7 1 .2 4
9 2 2 0 2 0  3 4 .6 -7 2  2 2  4 1 4 .9 5 0 .7 8 9 8 7 0 2 0  4 6 .1 - 7 2  2 5  19 1 3 .4 1 1 .1 9
9 2 3 0 2 0  3 4 .6 -7 2  2 2  3 7 1 3 .9 0 1 .0 2 9 8 8 0 2 0  4 7 .6 - 7 2  2 7  3 9 1 4 .0 8 0 .8 0
9 2 4 0 2 0  3 6 .9 -7 2  2 6  10 1 4 .4 8 0 .9 6 9 8 9 0 2 0  5 3 .9 -7 2  4 0  4 2 1 3 .1 0 0 .9 6
9 2 5 0 2 0  4 4 . 2 -7 2  4 1  2 9 1 3 .5 2 1 .13 9 9 0 0 2 0  4 3 .9 - 7 2  19 3 6 1 5 .0 5 0 .8 1
9 2 6 0 2 0  2 9 . 2 -7 2  9 10 1 2 .9 7 1 .2 0 99 1 0 2 0  4 8 . 0 - 7 2  2 7  5 4 1 4 .2 2 0 .8 7
9 2 7 0 2 0  3 0 .9 -7 2  12  4 5 1 4 .1 0 0 .8 6 9 9 2 0 2 0  4 9 .3 - 7 2  3 0  12 1 5 .6 2 0 .7 2
9 2 8 0 2 0  3 3 .7 -7 2  18  5 2 1 3 .0 6 0 .8 6 9 9 3 0 2 0  5 0 .3 - 7 2  3 2  4 4 1 5 .6 5 0 .6 9
9 2 9 0 2 0  3 4 .2 -7 2  19  18 1 4 .1 6 0 .8 3 9 9 4 0 2 0  4 2 . 4 - 7 2  15 7 1 4 .6 3 0 .9 8
9 3 0 0 2 0  3 4 . 0 -7 2  19  51 1 3 .4 1 0 .8 5 9 9 5 0 2 0  4 5 . 2 -7 2  2 0  3 5 1 4 .6 9 0 .9 5
9 3 1 0 2 0  3 4 .9 -7 2  2 0  4 7 1 3 .2 7 0 .8 3 9 9 6 0 2 0  4 7 .7 -7 2  2 6  2 1 3 .0 2 1 .15
9 3 2 0 2 0  3 4 . 4 - 7 2  19  3 0 1 4 .8 8 0 .9 4 9 9 7 0 2 0  4 3 .8 - 7 2  16 11 1 3 .4 5 1 .1 0
9 3 3 0 2 0  3 6 .9 - 7 2  2 3  4 7 1 4 .2 3 0 . 8 4 9 9 8 0 2 0  4 4 . 4 - 7 2  17  3 9 1 4 .8 1 0 .8 1
9 3 4 0 2 0  3 8 .5 -7 2  2 7  2 7 1 3 .9 9 0 .9 3 9 9 9 0 2 0  4 6 .1 -7 2  2 0  55 1 3 .8 8 1 .0 2
9 3 5 0 2 0  4 1 .1 -7 2  3 2  3 1 4 .8 3 1 .1 0 1 0 0 0 0 2 0  5 2 .9 - 7 2  3 4  4 1 1 3 .4 9 1 .11
9 3 6 0 2 0  1 5 .5 -71 3 6  51 1 5 .1 7 0 .8 9 1001 0 2 0  5 7 .8 - 7 2  4 3  5 9 1 5 .9 2 0 .5 7
9 3 7 0 2 0  3 7 . 4 -7 2  2 3  2 5 1 4 .1 7 0 .8 8 1 0 0 2 0 2 0  4 9 .8 - 7 2  2 7  19 1 4 .2 3 0 .9 3
9 3 8 0 2 0  3 8 . 2 -7 2  2 5  3 4 1 3 .6 1 1 .1 0 100 3 0 2 0  5 0 .5 - 7 2  2 8  53 1 5 .0 8 0 .7 9
9 3 9 0 2 0  4 4 . 0 -7 2  3 6  5 6 1 4 .2 0 1 .0 0 1 0 0 4 0 2 0  3 6 .1 -71 5 8  13 1 4 .5 9 1 .41
9 4 0 0 2 0  1 4 .6 -71 3 3  21 1 5 .2 2 0 .6 7 100 5 0 2 0  4 5 . 0 -7 2  16  4 7 1 4 .1 7 0 .8 0
9 4 1 0 2 0  3 2 .8 - 7 2  13  4 1 5 .5 5 0 .7 7 1 0 0 6 0 2 0  4 5 .7 - 7 2  18 12 1 3 .2 2 1 .23
9 4 2 0 2 0  3 3 . 4 -7 2  13  2 8 1 4 .0 5 1 .2 7 1 0 0 7 0 21  4 . 3 - 7 2  5 4  4 1 1 0 .2 8 1 .0 4
9 4 3 0 2 0  3 3 . 0 -7 2  13 5 2 1 4 .0 2 0 .9 7 100 8 0 2 0  4 6 . 6 - 7 2  18  2 6 1 4 .2 4 0 .8 6
9 4 4 0 2 0  3 4 .6 -7 2  1 6  2 0 1 4 .2 6 0 .7 5 1 0 0 9 0 2 0  4 7 .9 - 7 2  2 0  3 7 1 4 .2 0 0 .7 9
9 4 5 0 2 0  2 8 .7 -7 2  3 9 1 2 .6 8 1 .2 9 1 0 1 0 0 2 0  4 8 .7 - 7 2  2 2  11 1 4 .3 4 0 .7 5
9 4 6 0 2 0  3 6 .1 -7 2  18 3 6 1 4 .0 5 0 .8 1 1011 0 2 0  4 8 .9 - 7 2  2 2  5 7 1 4 .5 1 0 .9 0
9 4 7 0 2 0  3 7 .3 -72  2 0  51 1 4 .0 8 0 .9 0 1 0 1 2 0 2 0  5 1 .3 - 7 2  2 8  12 1 4 .0 4 1 .05
9 4 8 0 2 0  3 7 .3 -7 2  2 1  11 1 4 .1 2 0 .7 7 1013 0 2 0  5 3 .2 - 7 2  31  7 1 5 .4 8 0 .7 7
9 4 9 0 2 0  4 0 . 7 -7 2  2 7  31 1 3 .5 8 1 .1 0 1 0 1 4 0 2 0  5 5 .2 - 7 2  3 5  21 1 5 .6 8 0 .6 4
9 5 0 0 2 0  2 6 .9 -71 5 7  4 2 1 3 .9 4 0 .8 8 101 5 0 2 0  5 7 .7 - 7 2  4 0  12 1 4 .4 6 0 .6 6
9 5 1 0 2 0  3 6 . 0 -7 2  16  5 7 1 4 .0 5 0 .9 9 1 0 1 6 0 2 0  4 7 .7 - 7 2  19  4 5 1 4 .4 8 0 .9 1
9 5 2 0 2 0  4 2 . 0 -7 2  2 9  11 1 4 .2 2 1 .05 101 7 0 2 0  5 0 .6 - 7 2  2 5  19 1 3 .8 8 0 .8 2
9 5 3 0 2 0  4 8 . 9 -7 2  4 2  2 5 1 4 .5 9 0 .8 4 101 8 0 2 0  5 1 .4 - 7 2  2 6  3 7 1 5 .0 5 0 .8 7
9 5 4 0 2 0  3 4 .4 -7 2  1 2  13 1 4 .0 9 0 .8 3 1 0 1 9 0 2 0  4 9 . 0 -7 2  2 0  12 1 4 .0 7 0 .9 2
9 5 5 0 2 0  4 6 .5 -7 2  3 6  8 1 2 .7 8 1 .15 1 0 2 0 0 2 0  5 1 .7 - 7 2  2 5  4 8 1 3 .2 0 1 .0 9
9 5 6 0 2 0  3 2 .9 -7 2  6 5 4 1 3 .8 9 0 .8 0 1021 0 2 0  5 2 .4 - 7 2  2 7  4 8 1 3 .4 4 1 .19
9 5 7 0 2 0  3 5 .7 -72  13  2 9 1 5 .0 3 0 .9 4 1 0 2 2 0 2 0  5 3 .2 - 7 2  2 9  18 1 5 .6 9 0 .7 2
9 5 8 0 2 0  3 6 . 0 -7 2  13 5 5 1 3 .9 7 0 .9 2 10 2 3 0 2 0  5 7 .0 - 7 2  3 5  4 9 1 4 .0 1 0 .8 8
9 5 9 0 2 0  3 8 .7 -7 2  19  5 0 1 5 .1 1 0 .7 5 1 0 2 4 0 2 0  5 7 .0 - 7 2  3 5  4 9 1 4 .0 1 0 .8 7
9 6 0 0 2 0  3 9 .8 -7 2  21  5 5 1 2 .5 7 1 .2 0 1025 0 2 0  4 8 .8 -7 2  19 28 1 4 .8 3 0 .8 6
9 6 1 0 2 0  4 3 .5 -7 2  2 9  2 1 4 .2 2 0 .9 8 1 0 2 6 0 2 0  5 3 .6 - 7 2  2 8  28 1 4 .0 5 0 .8 5
9 6 2 0 2 0  4 4 .6 -7 2  3 1  3 1 4 .0 2 0 .9 0 10 2 7 0 2 0  4 6 .4 -7 2  12  4 6 1 5 .5 1 0 .7 3
9 6 3 0 2 0  5 0 .1 -7 2  4 2  4 0 1 4 .7 7 0 .7 4 10 2 8 0 2 0  4 8 .8 - 7 2  17  17 1 4 .1 7 0 .7 8
9 6 4 0 2 0  3 2 .0 -7 2  4  5 6 1 5 .0 4 0 .7 1 1 0 2 9 0 2 0  4 9 .8 - 7 2  19  0 1 4 .3 4 0 .8 0
9 6 5 0 2 0  3 8 .4 -7 2  18  9 1 4 .8 4 0 .9 0 1 0 3 0 0 2 0  5 2 .8 - 7 2  2 3  5 2 1 4 .7 7 0 .8 8
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TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) ( 2 ) (3) (4) (5) (1) (2 ) (3) (4) (5)
1031 0 20 52.9 -72 24 37 14.12 0.89 1096 0 20 57.5 -72 7 36 15.53 0.76
1032 0 20 44 .4 -72 6 2 15.46 0.81 1097 0 21 0.9 -72 14 21 15.05 0.92
1033 0 20 46.5 -72 9 27 14.42 0.97 1098 0 21 0.9 -72 14 34 14.63 0.85
1034 0 20 47 .9 -72 13 33 15.58 0.60 1099 0 21 12.9 -72 37 58 15.50 0.76
1035 0 20 50.5 -72 17 37 15.09 0.88 1100 0 21 29.9 -73 8 49 15.56 0.74
1036 0 20 58.9 -72 34 57 13.95 0.86 1101 0 20 :56.1 -72 3 28 13.71 0.59
1037 0 20 43 .0 -72 1 11 14.63 0.93 1102 0 21 8.9 -72 28 20 13.25 1.09
1038 0 20 55.5 -72 27 2 14.12 0.86 1103 0 21 4 .0 -72 18 15 13.65 1.03
1039 0 20 55.9 -72 27 56 13.85 1.02 1104 0 21 3.8 -72 15 53 14.00 0.91
1040 0 20 49 .9 -72 14 50 14.05 0.87 1105 0 21 3.9 -72 16 10 14.27 0.82
1041 0 20 55.5 -72 25 39 14.46 1.01 1106 0 21 4 .2 -72 16 41 13.97 0.81
1042 0 20 56.4 -72 27 42 15.04 0.71 1107 0 21 8.8 -72 25 16 14.28 0.65
1043 0 20 56.8 -72 28 13 13.21 1.04 1108 0 21 1.5 -72 10 34 12.28 1.35
1044 0 21 7.7 -72 49 30 15.47 0.93 1109 0 21 3.7 -72 14 45 14.20 0.95
1045 0 20 55 .0 -72 24 19 13.68 0.74 1110 0 21 4.7 -72 17 2 13.35 1.00
1046 0 20 56.5 -72 26 36 12.66 1.07 1111 0 21 11.9 -72 30 33 12.98 1.23
1047 0 21 8.7 -72 49 51 15.29 0.47 1112 0 21 16.5 -72 39 14 11.94 1.76
1048 0 20 45 .0 -72 2 8 14.32 0.91 1113 0 21 3.6 -72 13 32 13.25 0.82
1049 0 20 52.8 -72 18 15 13.80 0.86 1114 0 21 5.7 -72 17 49 13.92 1.07
1050 0 20 56.5 -72 25 16 14.38 0.74 1115 0 21 0.8 -72 6 21 14.33 1.07
1051 0 20 56.9 -72 25 29 14.00 0.89 1116 0 21 12.4 -72 29 2 13.32 0.98
1052 0 20 57.9 -72 27 50 13.91 0.90 1117 0 21 2.9 -72 8 47 15.50 0.60
1053 0 21 0 .2 -72 32 16 15.85 0.73 1118 0 21 6.3 -72 15 38 13.84 1.08
1054 0 20 53.2 -72 17 7 10.78 1.42 1119 0 21 12.4 -72 28 3 14.27 1.01
1055 0 20 59.1 -72 28 16 14.14 1.03 1120 0 21 13.2 -72 29 24 15.26 0.81
1056 0 20 48 .0 -72 5 1 13.98 0.81 1121 0 21 6.1 -72 13 42 13.65 0.82
1057 0 20 53.8 -72 17 35 12.62 1.32 1122 0 21 12.2 -72 26 25 12.18 1.27
1058 0 20 55 .0 -72 19 20 14.08 0.76 1123 0 21 12.9 -72 27 3 14.84 0.90
1059 0 20 58.9 -72 26 57 12.43 1.47 1124 0 21 19.4 -72 40 4 13.75 1.02
1060 0 21 3 .6 -72 36 18 14.08 0.81 1125 0 21 19.7 -72 40 42 14.04 0.85
1061 0 20 36.6 -71 38 42 12.78 0.59 1126 0 21 24.6 -72 49 32 15.15 0.76
1062 0 21 4 .4 -72 35 19 14.06 0.91 1127 0 21 6 .4 -72 12 58 15.32 0.76
1063 0 20 53.7 -72 13 22 14.02 0.78 1128 0 21 6.4 -72 13 17 15.60 0.85
1064 0 21 0.3 -72 25 5 6 14.33 0.77 1129 0 21 12.7 -72 25 44 14.17 0.90
1065 0 21 2 .4 -72 29 33 13.95 0.72 1130 0 21 13.4 -72 26 48 14.74 0.81
1066 0 21 6.6 -72 38 27 15.86 0.60 1131 0 21 8.9 -72 17 42 11.96 1.64
1067 0 21 12.4 -72 49 37 15.91 0.50 1132 0 21 13.1 -72 25 24 11.05 1.59
1068 0 20 38.8 -71 41 25 15.17 0.62 1133 0 20 52.7 -71 43 59 12.49 1.05
1069 0 20 53.1 -72 10 19 15.07 0.91 1134 0 21 5.1 -72 8 43 15.62 0.79
1070 0 20 54 .0 -72 12 34 15.22 0.92 1135 0 21 6.8 -72 11 48 14.04 0.89
1071 0 20 57.3 -72 18 13 14.44 0.80 1136 0 21 7.9 -72 14 5 15.87 0.68
1072 0 20 56.6 -72 15 54 13.39 1.17 1137 0 21 7.8 -72 12 35 12.57 1.30
1073 0 20 47 .2 -71 54 13 14.21 1.07 1138 0 21 15.3 -72 26 21 13.94 0.87
1074 0 20 55.7 -72 11 39 15.74 0.71 1139 0 21 15.7 -72 28 10 14.39 0.93
1075 0 21 3.9 -72 28 2 14.47 0.94 1140 0 21 17.3 -72 30 43 13.18 1.09
1076 0 21 4 .6 -72 28 47 14.05 0.90 1141 0 21 4.9 -72 5 14 14.06 1.03
1077 0 21 23.9 -73 4 57 13.65 0.65 1142 0 21 11.1 -72 17 29 14.22 0.93
1078 0 20 54.6 -72 8 14 14.76 0.67 1143 0 21 16.6 -72 27 43 14.86 0.83
1079 0 20 56.6 -72 12 39 13.27 1.16 1144 0 21 22.6 -72 39 22 13.16 0.76
1080 0 20 57.8 -72 15 6 13.22 1.16 1145 0 21 17.3 -72 28 40 15.48 0.83
1081 0 20 59.0 -72 17 4 14.01 0.87 1146 0 20 52 .4 -71 37 35 12.75 0.97
1082 0 21 4 .7 -72 28 28 13.38 0.99 1147 0 21 9.9 -72 12 14 15.46 0.68
1083 0 21 6.1 -72 31 20 14.01 0.84 1148 0 21 10.9 -72 15 7 13.13 1.17
1084 0 21 8.7 -72 36 27 13.86 0.85 1149 0 21 18.4 -72 29 13 13.94 0.76
1085 0 20 52.1 -72 1 59 14.06 0.83 1150 0 21 13.3 -72 17 29 13.96 0.88
1086 0 20 58.9 -72 15 56 13.46 0.94 1151 0 21 21.6 -72 33 43 13.00 1.25
1087 0 21 4 .4 -72 26 17 12.78 1.15 1152 0 21 32.2 -72 52 48 13.97 0.69
1088 0 21 5.8 -72 29 10 14.97 0.89 1153 0 21 11.3 -72 13 22 15.22 0.84
1089 0 21 5.1 -72 26 4 14.70 0.93 1154 0 21 18.5 -72 26 43 12.73 0.95
1090 0 20 43 .6 -71 41 46 15.71 0.60 1155 0 21 19.1 -72 27 10 13.37 0.93
1091 0 20 52 .4 -71 59 41 15.23 0.67 1156 0 21 19.5 -72 27 46 15.36 0.73
1092 0 21 7.9 -72 30 0 15.14 0.78 1157 0 21 22.0 -72 30 41 15.19 0.83
1093 0 20 57.8 -72 9 11 15.39 0.78 1158 0 21 34.1 -72 53 15 13.20 1.12
1094 0 21 0 .4 -72 14 54 14.14 1.04 1159 0 21 1.8 -71 50 34 15.07 0.61
1095 0 21 0 .9 -72 15 28 13.97 0.87 1160 0 21 4.5 -71 55 11 15.03 0.61
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TABLE I cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
1161 0 21 9 .0 -72 5 9 13.91 0.94 1226 0 21 40.5 -72 30 48 14.04 0.83
1162 0 21 13.8 -72 13 37 15.28 0.84 1227 0 21 44.8 -72 38 46 15.14 0.87
1163 0 21 33.1 -72 49 48 15.47 0.70 1228 0 21 32.4 -72 14 15 12.86 1.25
1164 0 21 21 .0 -72 26 27 14.47 0.72 1229 0 21 33.4 -72 16 25 14.09 1.00
1165 0 21 21 .4 -72 26 53 14.50 0.83 1230 0 21 38.8 -72 27 1 13.28 1.11
1166 0 21 11.1 -72 5 5 13.94 0.90 1231 0 21 29 .2 -72 7 21 15.70 0.35
1167 0 21 24.9 -72 30 57 14.18 0.86 1232 0 21 33.3 -72 14 35 14.83 1.01
1168 0 21 24.9 -72 32 15 13.77 1.00 1233 0 21 40 .4 -72 27 59 14.27 0.91
1169 0 21 25.8 -72 33 18 11.80 1.64 1234 0 21 41.8 -72 30 37 14.64 0.86
1170 0 21 30 .2 -72 41 24 15.69 0.35 1235 0 21 44.8 -72 35 35 9 .90 0.49
1171 0 21 40.8 -72 59 39 15.75 0.78 1236 0 21 57.2 -72 58 32 12.54 0.97
1172 0 21 37.3 -72 53 8 13.19 0.67 1237 0 21 34.9 -72 16 34 14.15 0.88
1173 0 21 32.9 -72 43 4 15.36 0.74 1238 0 21 47.9 -72 40  56 14.59 1.07
1174 0 21 17.1 -72 11 2 13.01 1.17 1239 0 21 47.9 -72 38 41 15.75 0.66
1175 0 21 25 .4 -72 26 48 11.82 1.72 1240 0 21 29.5 -72 4 28 15.77 0.54
1176 0 21 31.1 -72 37 47 15.40 0.82 1241 0 21 41 .6 -72 26 39 13.23 1.01
1177 0 21 40.1 -72 54 30 11.70 1.31 1242 0 21 42.1 -72 27 47 14.69 1.02
1178 0 21 18.5 -72 13 34 15.48 0.69 1243 0 21 44.7 -72 31 59 15.11 0.79
1179 0 21 20.3 -72 15 56 14.67 0.83 1244 0 21 26.7 -71 57 34 13.58 0.86
1180 0 21 26.8 -72 28 59 14.17 0.95 1245 0 21 42 .2 -72 26 25 14.21 0.82
1181 0 21 27 .0 -72 29 9 14.23 1.03 1246 0 21 43.8 -72 29 45 13.94 0.81
1182 0 21 30 .4 -72 35 15 14.49 0.86 1247 0 21 33.3 -72 9 6 14.46 0.95
1183 0 21 27.9 -72 30 12 13.70 0.89 1248 0 21 36.1 -72 14 14 14.67 0.97
1184 0 21 29.6 -72 32 43 13.24 1.03 1249 0 21 36.6 -72 15 53 14.65 0.97
1185 0 21 32.6 -72 38 29 14.05 0.96 1250 0 21 43 .2 -72 27 36 13.14 1.08
1186 0 21 5.5 -71 44 44 15.17 0.82 1251 0 21 37 .2 -72 15 11 14.80 0.93
1187 0 21 13.0 -71 59 42 13.10 0.77 1252 0 21 45.3 -72 30 25 15.91 0.70
1188 0 21 16.6 -72 6 40 14.59 0.99 1253 0 21 33.6 -72 7 7 14.50 0.94
1189 0 21 6 .0 -71 45 14 13.77 0.97 1254 0 21 44.4 -72 27 17 12.58 1.31
1190 0 21 22.1 -72 16 9 13.18 1.00 1255 0 21 46.3 -72 30 51 15.03 0.92
1191 0 21 30.6 -72 31 45 14.69 0.96 1256 0 21 49 .8 -72 36 16 15.43 0.80
1192 0 21 29 .4 -72 28 9 12.49 1.27 1257 0 21 45 .4 -72 28 6 14.34 0.88
1193 0 21 42 .6 -72 52 55 15.44 0.56 1258 0 21 46 .2 -72 29 44 14.34 0.95
1194 0 21 13.6 -71 57 26 14.14 0.68 1259 0 21 49 .0 -72 34 19 13.94 0.85
1195 0 21 30.6 -72 29 17 14.56 0.93 1260 0 21 59.9 -72 52 59 12.67 0.68
1196 0 21 51 .2 -73 6 49 14.45 0.63 1261 0 21 46.7 -72 29 11 13.93 0.89
1197 0 21 15.3 -71 59 45 12.86 0.67 1262 0 21 48.3 -72 31 49 9.38 0.26
1198 0 21 22.6 -72 12 44 13.88 0.93 1263 0 21 37.7 -72 11 28 13.19 0.95
1199 0 21 31.7 -72 30 49 15.60 0.70 1264 0 21 38.3 -72 12 11 15.49 0.60
1200 0 21 24.3 -72 15 9 13.86 1.02 1265 0 21 38.3 -72 12 11 15.49 0.60
1201 0 21 31.3 -72 28 21 13.95 0.83 1266 0 21 39.6 -72 14 14 13.90 0.92
1202 0 21 47.3 -72 57 28 14.39 0.87 1267 0 21 47.3 -72 28 45 14.59 0.96
1203 0 21 10.0 -71 45 34 10.59 1.04 1268 0 21 35.0 -72 5 16 14.08 0.90
1204 0 21 32.9 -72 29 25 15.45 0.50 1269 0 21 38.9 -72 12 28 13.81 0.84
1205 0 21 36 .0 -72 34 35 14.09 0.85 1270 0 21 40.5 -72 14 35 14.27 0.69
1206 0 21 37.1 -72 36 59 14.58 0.98 1271 0 21 41 .0 -72 15 13 12.16 1.44
1207 0 21 24.8 -72 12 38 13.45 1.00 1272 0 22 1.0 -72 50 49 15.05 0.69
1208 0 21 38.6 -72 38 40 15.63 0.66 1273 0 21 37.5 -72 7 3 15.65 0.83
1209 0 21 9.5 -71 41 23 13.42 0.86 1274 0 21 42.1 -72 15 58 13.85 0.95
1210 0 21 26 .4 -72 14 35 14.16 0.85 1275 0 21 50.2 -72 30 39 14.78 0.88
1211 0 21 26.5 -72 15 2 13.39 0.86 1276 0 21 38.9 -72 8 45 14.46 1.03
1212 0 21 16.0 -71 52 32 15.33 0.76 1277 0 21 41.1 -72 13 4 14.05 0.88
1213 0 21 27 .2 -72 15 9 13.26 0.89 1278 0 21 42 .2 -72 14 7 11.76 1.71
1214 0 21 25.6 -72 10 3 15.68 0.59 1279 0 21 42 .6 -72 15 5 13.64 0.96
1215 0 21 28.7 -72 14 43 13.93 1.06 1280 0 21 42.8 -72 16 16 12.91 1.31
1216 0 21 36 .2 -72 29 33 15.37 0.79 1281 0 21 49 .0 -72 26 53 14.35 0.94
1217 0 21 29.7 -72 15 55 13.91 1.09 1282 0 21 54.5 -72 36 56 14.09 0.84
1218 0 21 30.4 -72 16 31 13.25 1.03 1283 0 21 30.7 -71 50 58 13.66 0.80
1219 0 21 40.5 -72 36 1 15.35 0.79 1284 0 21 43.7 -72 14 32 14.38 1.04
1220 0 21 36 .4 -72 26 50 13.64 1.04 1285 0 21 49.8 -72 26 31 14.24 0.92
1221 0 21 40.3 -72 33 34 13.89 0.89 1286 0 21 50.3 -72 27 6 14.40 0.85
1222 0 21 25.3 -72 5 15 12.41 1.10 1287 0 21 55.2 -72 35 18 15.43 0.89
1223 0 21 20.4 -71 54 4 14.99 1.21 1288 0 21 26.8 -71 41 54 14.87 0.95
1224 0 21 26.7 -72 4 56 15.13 0.81 1289 0 21 42.3 -72 10 56 13.28 1.15
1225 0 21 27.4 -72 6 58 14.31 0.99 1290 0 22 1.2 -72 44 12 15.73 0.69
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TABLE I cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
1291 0 21 39.5 -72 3 50 12.14 1.51 1356 0 22 6 .4 -72 27 24 13.30 1.11
1292 0 21 46.5 -72 16 28 14.57 0.95 1357 0 22 6.6 -72 28 20 13.17 1.13
1293 0 21 52 .0 -72 26 31 12.82 1.21 1358 0 22 7.5 -72 28 40 12.99 0.99
1294 0 21 55.9 -72 33 28 15.51 0.71 1359 0 22 9 .8 -72 31 48 13.44 1.09
1295 0 21 57.5 -72 36 39 13.85 0.94 1360 0 22 10.7 -72 33 9 14.47 0.83
1296 0 21 43.7 -72 9 40 14.82 0.89 1361 0 21 45.1 -71 45 28 12.76 0.91
1297 0 21 53.3 -72 27 41 14.95 0.88 1362 0 21 54.5 -72 3 11 13.83 0.95
1298 0 22 16.1 -73 6 32 15.73 0.53 1363 0 21 58.2 -72 9 7 14.41 0.91
1299 0 21 46.7 -72 14 20 14.89 0.93 1364 0 21 59.3 -72 11 53 12.91 1.24
1300 0 21 47 .4 -72 15 26 14.13 0.86 1365 0 22  13.4 -72 36 15 14.09 0 .84
1301 0 21 55.9 -72 31 15 15.38 0.89 1366 0 22 22.9 -72 52 33 10.48 0.48
1302 0 22 3.8 -72 45 7 14.39 0.55 1367 0 21 58.6 -72 8 30 14.06 0.85
1303 0 21 45 .2 -72 10 48 12.07 1.44 1368 0 22 1.9 -72 14 46 14.08 0.79
1304 0 21 48.5 -72 16 6 13.87 0.87 1369 0 22 9.1 -72 27 12 12.54 1.29
1305 0 21 56.4 -72 30 17 14.43 0.93 1370 0 22 9 .6 -72 28 19 14.08 0.88
1306 0 22 1.0 -72 38 58 14.73 0.83 1371 0 21 41.3 -71 35 35 13.82 1.24
1307 0 21 48.7 -72 15 48 13.68 0.78 1372 0 22 11.7 -72 30 57 15.57 0.75
1308 0 21 54.9 -72 26 37 14.28 0.80 1373 0 21 58.9 -72 7 30 14.50 1.11
1309 0 21 55.1 -72 27 13 15.26 0.84 1374 0 22 14.4 -72 34 56 15.64 0.69
1310 0 21 57.7 -72 32 23 15.78 0.60 1375 0 22 25.0 -72 52 3 14.78 0.71
1311 0 21 45.8 -72 9 38 15.57 0.72 1376 0 21 53.1 -71 55 46 15.60 0 .66
1312 0 21 57.4 -72 29 45 15.19 0.81 1377 0 22 4 .5 -72 16 9 12.51 1.37
1313 0 21 49 .0 -72 14 1 13.96 0.92 1378 0 22 22 .4 -72 46 14 15.73 0.55
1314 0 21 49.5 -72 14 56 13.22 1.19 1379 0 22 15.2 -72 33 33 15.49 0 .72
1315 0 21 58.6 -72 30 58 14.89 0.84 1380 0 22 29.7 -72 57 56 14.11 0 .86
1316 0 21 59.4 -72 32 50 15.06 0.87 1381 0 22 4 .5 -72 13 40 14.09 0.88
1317 0 21 57.5 -72 27 54 11.85 1.64 1382 0 22 5.7 -72 15 57 13.43 1.25
1318 0 22 0.6 -72 34 1 14.04 0.81 1383 0 22 17.0 -72 33 54 13.71 0.91
1319 0 21 48.1 -72 9 56 14.04 0.81 1384 0 22 5.1 -72 12 30 14.62 0.89
1320 0 21 51.7 -72 16 7 14.41 0.79 1385 0 22 7 .4 -72 16 29 14.05 0.87
1321 0 21 60.0 -72 31 40 15.57 0.81 1386 0 22 14.8 -72 30 13 13.01 1.01
1322 0 22 10.4 -72 49 18 14.11 0.73 1387 0 22 15.6 -72 31 6 13.97 0.83
1323 0 22 16.3 -72 59 29 15.53 0.58 1388 0 22 16.2 -72 31 31 14.45 0 .96
1324 0 21 36 .2 -71 46 32 14.60 0.91 1389 0 22 20.1 -72 38 19 15.17 0.78
1325 0 21 42.3 -71 58 27 14.41 0.96 1390 0 22 3.5 -72 8 59 15.38 0 .79
1326 0 21 50 .0 -72 12 25 11.47 1.65 1391 0 22 6 .4 -72 13 52 13.80 0.94
1327 0 21 50.7 -72 13 4 11.95 1.55 1392 0 21 51.2 -71 44 59 15.02 0.99
1328 0 21 51.9 -72 15 27 14.29 0.89 1393 0 22 9 .4 -72 16 32 13.95 0.85
1329 0 21 58.1 -72 26 37 14.49 0.98 1394 0 22 16.4 -72 29 1 14.88 0 .92
1330 0 21 41.7 -71 55 15 14.78 0.80 1395 0 22 18.7 -72 32 51 14.85 0.87
1331 0 21 51 .2 -72 13 49 11.89 1.64 1396 0 22 19.0 -72 32 30 13.74 1.06
1332 0 22 20 .6 -73 4 9 11.19 1.04 1397 0 22 21.0 -72 35 52 13.77 0.93
1333 0 21 46 .0 -72 2 4 15.28 0.74 1398 0 22 9 .0 -72 13 35 13.90 0 .82
1334 0 21 53.6 -72 16 26 14.62 0.99 1399 0 22 17.6 -72 27 4 13.92 0.88
1335 0 22 2.3 -72 31 55 15.21 0.77 1400 0 22 18.3 -72 28 42 15.10 0 .82
1336 0 22 0 .6 -72 28 4 12.25 1.50 1401 0 22 19.2 -72 30 14 14.57 0.88
1337 0 22 4 .2 -72 34 11 14.93 0.88 1402 0 22 33.0 -72 53 2 13.58 0.89
1338 0 22 5 .2 -72 36 2 15.48 0.57 1403 0 21 52.3 -71 41 31 15.62 0.63
1339 0 22 3.1 -72 31 10 14.19 0.83 1404 0 22 9 .3 -72 11 18 14.56 0 .70
1340 0 21 54 .0 -72 13 35 13.67 1.11 1405 0 22 11.8 -72 16 10 12.64 1.35
1341 0 21 54.5 -72 14 29 12.44 1.32 1406 0 22 11.7 -72 16 29 13.67 0.99
1342 0 21 54.9 -72 15 4 13.40 1.12 1407 0 22 9 .4 -72 10 6 11.64 1.70
1343 0 22 1.8 -72 27 47 14.01 0.87 1408 0 21 57.6 -71 47 38 13.71 0 .76
1344 0 22 3.9 -72 30 49 14.00 0.89 1409 0 22 12.0 -72 13 0 14.81 0.94
1345 0 22 4.3 -72 31 36 14.27 0.98 1410 0 22 13.9 -72 15 31 13.20 1.16
1346 0 21 40 .0 -71 46 29 14.99 1.32 1411 0 22 20.0 -72 26 31 14.81 0 .88
1347 0 22 4.1 -72 28 28 12.10 1.47 1412 0 22 23.1 -72 31 23 11.70 0.85
1348 0 22 6 .0 -72 31 38 14.08 0.99 1413 0 22 25.1 -72 35 1 13.85 0.69
1349 0 21 48.3 -71 58 40 15.36 0.75 1414 0 22 26.9 -72 37 59 15.71 0 .70
1350 0 22 7 .2 -72 32 41 15.60 0.70 1415 0 22 34.2 -72 49 34 14.82 0.91
1351 0 21 58.9 -72 16 19 13.57 0.91 1416 0 22 38.6 -72 56 55 15.76 0.57
1352 0 22 8.4 -72 33 50 15.53 0.74 1417 0 22 0 .5 -71 50 15 14.09 1.07
1353 0 22 12.6 -72 40 30 13.96 0.85 1418 0 22 14.2 -72 13 46 15.69 0.64
1354 0 21 51 .0 -72 0 50 15.01 1.02 1419 0 22 22.0 -72 26 2 14.12 1.02
1355 0 22 5 .0 -72 26 39 14.46 0.86 1420 0 22 23.0 -72 28 1 13.94 0.83
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TABLE 1 cont. Photometry for 47 Tue Stars
ID R A  (1 9 5 0 ) Dec V (B -V ) ID RA (1 9 5 0 ) Dec V  (B-V )
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
1 4 2 1 0  2 2  1 3 .7 -7 2  9 5 6 1 3 .9 2 0 .8 5 1486 0 2 2  2 3 .5 -71 5 5  4 9 1 3 .9 5 1 .0 4
1 4 2 2 0 2 2  4 5 . 2 -73  3 16 1 2 .4 8 1.01 1487 0 2 2  3 5 .7 -7 2  16 5 9 1 3 .0 5 0 .9 5
1 4 2 3 0 2 2  4 . 2 -71 5 2  16 1 3 .8 3 0 .7 0 1488 0 2 2  3 6 .1 -7 2  17 8 1 2 .5 9 1 .17
1 4 2 4 0 2 2  7 .2 -71 5 7  3 5 1 4 .6 8 0 .8 2 148 9 0 2 2  3 6 .0 -7 2  17 21 1 3 .0 4 0 .8 6
1 4 2 5 0  2 2  1 0 .0 -7 2  3 9 1 4 .5 1 0 .6 4 1 4 9 0 0 2 2  4 1 . 2 -7 2  2 5  5 4 1 4 .6 5 0 .9 7
1 4 2 6 0  2 2  1 2 .2 -7 2  5 4 9 1 2 .8 4 1 .0 9 1491 0 2 2  4 2 . 2 -7 2  2 7  5 4 1 3 .4 3 0 .9 5
1 4 2 7 0  2 2  1 5 .6 -7 2  11 53 1 4 .1 4 0 .8 5 1 4 9 2 0 2 2  3 3 .6 -7 2  11 3 4 1 2 .7 1 1 .08
1 4 2 8 0  2 2  2 4 .7 -7 2  2 6  2 2 1 4 .1 7 0 .7 8 1493 0 2 2  3 5 .5 - 7 2  1 4  5 8 1 3 .9 6 1 .0 7
1 4 2 9 0 2 2  2 5 .8 -7 2  2 8  19 1 4 .1 6 0 .8 5 1 4 9 4 0 2 2  3 5 .5 -7 2  15 12 1 4 .7 2 0 .9 9
1 4 3 0 0  2 2  7 . 0 -71 5 4  2 8 1 3 .0 6 0 .7 8 149 5 0 2 2  3 5 .8 -7 2  15 5 5 1 3 .6 5 0 .9 5
1 4 3 1 0 2 2  3 2 .6 -7 2  3 7  5 0 1 5 .1 7 0 .8 2 1 4 9 6 0  2 2  4 3 .7 -7 2  2 9  3 1 3 .1 3 1 .1 2
1 4 3 2 0  2 2  1 2 .8 -7 2  3 11 1 4 .5 0 0 .9 8 1497 0 2 2  4 6 .1 -7 2  3 2  5 4 1 5 .6 8 0 .6 1
1 4 3 3 0 2 2  2 6 .3 -7 2  2 7  1 1 4 .2 3 0 .9 5 1498 0 2 2  4 8 .9 -7 2  3 7  15 1 2 .3 8 1 .4 2
1 4 3 4 0 2 2  19 .1 -7 2  13 15 1 3 .9 9 0 .8 4 149 9 0 2 3  0 .9 -7 2  5 6  5 4 1 5 .7 5 0 .5 9
1 4 3 5 0 2 2  2 0 .5 -7 2  1 4  4 5 1 4 .8 2 0 .8 7 1 5 0 0 0 2 2  3 6 .8 -7 2  16 5 0 1 4 .8 9 0 .7 5
1 4 3 6 0 2 2  2 7 .8 -7 2  2 6  2 6 1 4 .1 1 0 .7 9 1501 0 2 2  5 8 .3 -7 2  51  5 0 1 4 .5 9 0 .5 9
1 4 3 7 0 2 2  2 2 .6 -7 2  16  3 2 1 3 .8 9 1 .0 7 1 5 0 2 0 2 2  4 5 . 4 -7 2  2 9  3 5 1 4 .1 2 0 .9 2
1 4 3 8 0 2 2  4 3 .1 -7 2  5 0  4 2 1 3 .1 3 0 .7 7 1503 0 2 2  3 4 .6 -7 2  10  5 8 1 4 .9 0 0 .8 7
1 4 3 9 0 2 2  4 5 .3 - 7 2  5 4  4 8 1 3 .1 8 0 .8 1 1 5 0 4 0 2 2  3 8 .5 -7 2  17 12 1 4 .4 3 1 .0 9
1 4 4 0 0  2 2  2 1 .7 -7 2  14  17 1 4 .9 4 0 .8 0 1505 0 2 2  3 9 .4 -7 2  17 4 7 1 4 .5 4 0 .7 8
1 4 4 1 0  2 2  3 0 .0 -7 2  2 7  2 7 1 3 .9 6 0 .8 9 1 5 0 6 0 2 2  4 4 . 0 -7 2  2 4  53 1 4 .4 9 0 .9 7
1 4 4 2 0 2 2  3 3 . 2 -7 2  3 2  4 9 1 5 .5 4 0 .5 3 150 7 0 2 2  4 4 .8 -7 2  2 6  2 8 1 3 .9 9 1 .0 0
1 4 4 3 0 2 2  2 1 .4 - 7 2  1 0  4 3 1 3 .7 2 0 .9 2 150 8 0 2 2  4 5 .1 -7 2  2 7  15 1 4 .6 7 0 .8 7
1 4 4 4 0 2 2  3 0 .4 -7 2  2 6  3 9 1 3 .4 6 0 .8 7 1 5 0 9 0 2 2  4 5 . 2 -7 2  2 7  3 6 1 4 .1 8 0 .8 6
1 4 4 5 0 2 2  1 1 .8 -71 5 3  2 7 1 4 .0 8 0 .8 8 1 5 1 0 0 2 2  2 1 .3 -71 4 5  3 9 1 4 .0 6 0 .9 2
1 4 4 6 0 2 2  3 9 .9 -7 2  4 1  2 4 1 4 .0 6 0 .8 5 1511 0 2 2  3 5 .5 - 7 2  10  2 0 1 3 .9 7 0 .8 2
1 4 4 7 0 2 2  3 1 .7 -7 2  2 6  51 1 4 .6 5 0 .9 1 1 5 1 2 0 2 2  3 8 .6 - 7 2  15 2 0 1 4 .1 9 0 .8 8
1 4 4 8 0 2 2  3 2 .3 -7 2  2 7  10 1 4 .8 3 0 .8 3 1513 0 2 2  3 9 .3 - 7 2  16  41 1 3 .2 0 1 .03
1 4 4 9 0  2 2  3 2 .7 -7 2  2 7  4 3 1 3 .9 8 0 .8 8 1 5 1 4 0 2 2  3 7 .1 - 7 2  11 2 4 1 5 .1 2 0 .9 5
1 4 5 0 0  2 2  3 4 .7 -7 2  31  4 1 4 .1 2 0 .8 2 1515 0 2 2  4 8 .7 -7 2  31  7 1 4 .9 8 0 .8 0
1 4 5 1 0 2 2  2 6 .1 -7 2  15 1 4 1 4 .3 1 0 .8 7 1 5 1 6 0 2 2  5 1 .6 -7 2  3 5  14 1 4 .4 9 0 .9 4
1 4 5 2 0 2 2  2 6 .3 -7 2  15  4 2 1 4 .4 0 0 .7 8 15 1 7 0 2 3  8 .0 -73  1 41 1 5 .5 6 0 .7 1
1 4 5 3 0  2 2  3 4 .8 -7 2  2 9  5 9 1 5 .6 5 0 . 7 2 151 8 0 2 2  3 9 . 0 - 7 2  13 5 0 1 5 .1 9 0 .7 3
1 4 5 4 0  2 2  2 2 .5 - 7 2  8 14 1 4 .7 8 0 .8 5 151 9 0 2 2  4 0 .8 -7 2  16  16 1 4 .8 1 0 .8 4
1 4 5 5 0 2 2  3 3 .2 - 7 2  2 5  4 8 1 2 .6 7 1 .31 1 5 2 0 0 2 2  4 1 .3 -7 2  17 3 2 1 4 .2 5 0 .9 3
1 4 5 6 0 2 2  3 9 .5 -7 2  3 6  2 6 1 4 .9 6 0 .7 8 1521 0 2 2  3 4 .8 -7 2  4  21 1 2 .8 3 1 .25
1 4 5 7 0 2 2  2 7 . 0 - 7 2  1 4  13 1 4 .0 4 0 .8 3 1 5 2 2 0 2 2  3 7 .2 -7 2  8 3 8 1 4 .1 4 0 .8 9
1 4 5 8 0 2 2  3 5 .6 -7 2  2 8  51 1 3 .8 3 1 .0 5 1523 0 2 2  3 9 .5 -7 2  1 2  4 9 1 1 .4 0 1 .7 6
1 4 5 9 0 2 2  3 5 .6 -7 2  2 9  11 1 4 .1 6 1 .01 1 5 2 4 0 2 2  4 2 . 0 -7 2  16 4 3 1 2 .2 8 0 .7 7
1 4 6 0 0  2 2  5 7 .5 -73  4  14 1 4 .7 6 0 .7 8 1525 0 2 2  4 7 . 0 -7 2  2 4  3 5 1 4 .0 6 0 .8 3
146 1 0  2 2  2 8 .1 - 7 2  1 4  5 6 1 3 .0 8 1 .1 3 1 5 2 6 0 2 2  5 9 .1 -7 2  4 3  3 6 1 4 .0 8 0 .8 6
1 4 6 2 0  2 2  2 9 .3 - 7 2  17  7 1 3 .9 0 0 .8 2 15 2 7 0  2 2  5 9 .1 -7 2  4 3  3 6 1 4 .0 8 0 .8 6
1 4 6 3 0  2 2  2 4 .5 -7 2  7 4 2 1 4 .6 8 0 .8 2 1528 0 2 2  5 2 .1 -7 2  3 0  3 4 1 3 .4 7 1 .0 0
1 4 6 4 0  2 2  2 6 .3 - 7 2  11 6 1 4 .1 4 0 .8 5 1529 0 2 2  5 3 . 0 - 7 2  31  4 0 1 5 .2 0 0 .8 5
1 4 6 5 0 2 2  2 7 .1 - 7 2  1 2  2 3 1 3 .5 1 1 .0 6 1 5 3 0 0 2 2  4 9 .8 -7 2  2 4  5 9 1 4 .2 3 0 .7 4
1 4 6 6 0  2 2  3 7 .8 - 7 2  2 9  51 1 4 .1 9 1 .0 2 1531 0 2 2  5 1 .0 - 7 2  2 7  2 1 4 .1 9 0 .7 4
1 4 6 7 0 2 2  2 8 . 2 -7 2  13 1 2 1 4 .0 4 0 . 9 4 1 5 3 2 0 2 2  5 1 .7 -7 2  2 7  4 5 1 4 .2 9 1 .0 2
1 4 6 8 0  2 2  3 6 .2 -7 2  2 6  3 6 1 4 .1 5 0 .8 8 153 3 0 2 2  4 0 . 4 -7 2  8 4 8 1 4 .0 5 0 .8 5
1 4 6 9 0  2 2  3 7 .9 -7 2  2 9  2 6 1 3 .2 0 1 .1 6 1 5 3 4 0 2 2  4 5 .7 -7 2  16 3 9 1 4 .3 9 0 .7 6
1 4 7 0 0  2 2  2 6 .7 -7 2  9 19 1 4 .9 2 0 .9 3 1535 0 2 2  5 0 .1 -7 2  2 4  3 0 9 .9 5 0 .5 8
1 4 7 1 0 2 2  3 7 .3 -7 2  2 7  3 5 1 5 .0 3 0 .9 2 1 5 3 6 0  2 2  5 1 . 4 -7 2  2 6  9 1 1 .4 0 1 .83
1 4 7 2 0  2 2  3 8 .9 - 7 2  3 0  2 1 4 .5 7 0 .9 5 153 7 0 2 2  4 6 . 4 -7 2  17 3 1 4 .2 6 0 .9 5
1 4 7 3 0  2 2  4 0 .1 -7 2  31  5 7 1 3 .9 9 0 .7 5 15 3 8 0 2 2  4 1 .8 -7 2  8 2 1 4 .3 2 0 .7 3
1 4 7 4 0  2 3  1 .3 -73  5 4 2 1 5 .5 3 0 .6 9 153 9 0 2 3  1 2 .6 -7 2  5 8  2 4 1 5 .0 3 0 .8 5
1 4 7 5 0 2 2  2 7 .9 - 7 2  1 0  9 1 5 .6 6 0 .8 0 1 5 4 0 0 2 2  4 7 . 0 -7 2  16 31 1 4 .4 3 0 .8 4
1 4 7 6 0 2 2  3 7 . 0 -7 2  2 5  5 4 1 4 .3 4 0 .7 7 1541 0 2 2  4 8 .3 -7 2  18 2 3 1 4 .1 3 0 .8 2
1 4 7 7 0 2 2  3 9 .6 - 7 2  3 0  15 1 5 .2 3 0 .8 3 1 5 4 2 0 2 2  5 7 .1 -7 2  3 2  14 1 4 .0 8 0 .8 3
1 4 7 8 0 2 2  3 2 .5 -7 2  16  2 3 1 4 .1 5 0 .9 6 1543 0 2 2  3 8 . 2 -71 5 9  2 7 1 4 .5 2 1 .0 4
1 4 7 9 0 2 2  3 9 .3 -7 2  2 7  17 1 3 .2 8 0 .8 8 1 5 4 4 0 2 2  4 6 .8 -7 2  13 4 2 1 5 .4 5 0 .7 1
1 4 8 0 0  2 2  4 0 .8 -7 2  2 9  4 2 1 4 .0 5 0 .8 7 154 5 0 2 2  4 9 . 3 -7 2  17 3 6 1 4 .2 4 0 .7 5
14 8 1 0 23  4 .1 -73  6 5 5 1 5 .2 6 0 .7 5 1 5 4 6 0 2 2  5 3 . 0 - 7 2  2 4  3 1 4 .5 4 0 .9 5
1 4 8 2 0 2 2  14 .8 -71 4 4  2 7 1 4 .2 5 0 .8 7 15 4 7 0 2 2  5 3 .7 -7 2  2 5  5 1 4 .8 2 0 .8 4
1 4 8 3 0 2 2  3 1 .6 -7 2  11 51 1 4 .1 1 0 .8 4 1548 0 2 3  1 .0 -7 2  3 6  3 7 1 3 .7 6 0 .8 1
1 4 8 4 0 2 2  3 1 .7 - 7 2  11 17 1 2 .9 5 0 .8 6 154 9 0 2 3  1 7 .2 -73  2  18 9 . 5 0 2 .3 3
1 4 8 5 0  2 2  3 4 .9 -7 2  16  2 8 1 4 .4 6 0 .8 7 1 5 5 0 0 2 2  2 9 .3 -71 4 2  3 8 1 5 .7 0 0 .6 1
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TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
1551 0 22  57.8 -72  29  59 14.46 0.93 1616 0 23 :20.5 -72  46  22 14.79 0.92
1552 0 22  51.0 -72 17 47 13.90 1.00 1617 0 23 4 .0 -72  19 25 14.27 0.98
1553 0 22  56.8 -72  28  13 14.25 1.00 1618 0 23 8.1 -72  25  48 13.64 1.03
1554 0 23  21.6 -73 6 48 13.56 0.65 1619 0 23 17.2 -72 39  46 11.85 0.76
1555 0 22  48.1 -72 12 36 12.12 1.52 1620 0 23 3.9 -72 18 13 13.14 1.20
1556 0 23  2.3 -72 35  42 14.10 0.89 1621 0 23 4.5 -72  18 47 14.19 0.92
1557 0 22  49.5 -72  13 37 15.69 0.73 1622 0 23 5.5 -72  20  51 14.14 0.80
1558 0 22  51.4 -72  16 27 13.77 0.85 1623 0 23 6.7 -72  22  29 15.15 0.74
1559 0 22  56.1 -72  24  3 14.79 0.84 1624 0 23 10.5 -72  28  33 12.60 1.36
1560 0 22  46 .2 -72  6 52 14.08 1.02 1625 0 23 31.7 -73 1 32 13.26 0.68
1561 0 22  46.6 -72  7 57 15.11 0.90 1626 0 22 56.9 -72  5 58 15.30 0.74
1562 0 22  53.0 -72  18 20 13.36 1.05 1627 0 23 7 .0 -72  21 52 13.90 0.88
1563 0 23 24.8 -73 8 19 14.30 0.82 1628 0 23 11.1 -72  28  20 14.67 0.99
1564 0  22  53.4 -72  18 32 13.99 1.00 1629 0 23 2.1 -72  13 7 15.30 0.75
1565 0  22  51.8 -72  14 49 15.00 0.80 1630 0 23 7.1 -72  21 23 12.13 1.54
1566 0 22  59.4 -72  26  41 14.82 0.91 1631 0 23 8.5 -72  23 17 11.70 1.77
1567 0 23 13.8 -72  49  36 14.60 1.03 1632 0 23 11.2 -72  27  42 11.29 1.81
1568 0 22  29.3 -71 35  7 15.20 0.76 1633 0 23 11.8 -72  28 45 12.85 1.16
1569 0 22  33 .0 -71 41 23 13.33 0 .72 1634 0 23 23.8 -72  47  16 13.27 1.17
1570 0 22  54.5 -72  17 53 12.81 0.99 1635 0 23 2 .0 -72  11 40 15.31 0.82
1571 0 22  58 .0 -72  23  42 14.25 0.77 1636 0 23 9 .4 -72  23  45 11.74 1.41
1572 0 22  60.0 -72  26  23 13.12 1.15 1637 0 23 8.9 -72  21 35 14.00 0.91
1573 0  23 0 .2 -72  26  55 15.05 0.84 1638 0 22 53.6 -71 55 50 15.98 0.58
1574 0 23 16.0 -72  52  0 12.58 0.71 1639 0 23 4.3 -72  13 44 13.96 0.88
1575 0 22  51.9 -72  12 2 15.76 0.78 1640 0 23 8.9 -72  20  25 14.85 0 .90
1576 0 22  53.8 -72  15 52 13.54 1.08 1641 0 23 12.9 -72  26  53 15.01 0.95
1577 0 22  54.9 -72  17 19 12.79 1.26 1642 0 23 15.6 -72  31 43 12.79 1.22
1578 0 22  34.3 -71 41 11 14.78 1.30 1643 0 23 19.4 -72  37  40 15.15 0.85
1579 0 22  56.8 -72  18 53 11.96 1.80 1644 0 23 13.7 -72  27 17 11.78 1.70
1580 0 22  56.9 -72  19 17 11.98 1.81 1645 0 22 48.1 -71 44  33 14.41 1.04
1581 0 23 0.1 -72  24  42 13.62 1.10 1646 0 23 6.3 -72  14 45 15.05 0.85
1582 0 22  49 .4 -72  6 21 14.03 0.88 1647 0 23 10.7 -72  21 49 13.30 1.20
1583 0 23 1.2 -72  24  51 14.79 0.96 1648 0 23 13.0 -72  25  24 14.08 0.88
1584 0 23 2.8 -72  28  21 15.10 0.86 1649 0 23 9 .2 -72  17 12 15.08 0.75
1585 0 23 3.7 -72  29  22 12.13 1.50 1650 0 23 10.9 -72  20  3 13.92 1.08
1586 0 23 1.2 -72 24  28 12.77 1.32 1651 0 23 13.8 -72  24  24 14.85 0.90
1587 0 23 1.2 -72  24  51 14.79 0.96 1652 0 23 20.8 -72  35  27 15.29 0.79
1588 0 23  4.8 -72  30  4 14.75 0.95 1653 0 23 7.1 -72  12 50 13.83 0.89
1589 0 22  49.9 -72  4 38 15.29 0.80 1654 0 23 11.2 -72  19 15 12.72 1.34
1590 0 22  51.7 -72 8 4 15.13 0.84 1655 0 23 12.2 -72  20  34 14.32 0.98
1591 0 22  59.2 -72  20  11 15.03 0.89 1656 0 23 17.9 -72  29  59 15.24 0.78
1592 0 23 0.2 -72  21 17 13.94 0.99 1657 0 22 54.0 -71 49  46 14.86 0.88
1593 0 22  60.0 -72  21 56 13.53 0.95 1658 0 23 7.7 -72  12 26 15.53 0.79
1594 0 23 6.5 -72  31 42 14.04 0.77 1659 0 23 14.7 -72  24  7 14.11 0 .82
1595 0 22  59.3 -72  18 39 12.63 1.41 1660 0 23 21.5 -72  34  35 13.37 0 .94
1596 0 23 9.2 -72 34  27 14.94 0.85 1661 0 23 0.7 -72  0 19 14.65 0 .84
1597 0 22  55.5 -72  12 12 14.61 0.93 1662 0 23 5.2 -72  7 36 15.51 0.75
1598 0 22  58.6 -72  16 57 14.42 0.78 1663 0 23 7.7 -72  11 39 15.65 0 .74
1599 0 22  41.6 -71 47  11 14.33 0.81 1664 0 23 12.1 -72  18 56 13.31 0.79
1600 0 22  54.0 -72 8 33 14.10 0.98 1665 0 23 17.8 -72  28  12 15.04 0.85
1601 0  22  58.0 -72  15 6 12.43 1.39 1666 0 23 19.9 -72  31 15 12.69 1.03
1602 0  23 4 .6 -72  25  56 15.34 0.77 1667 0 23 0.9 -71 59  34 15.56 0.44
1603 0 23 8.5 -72  31 22 14.38 0.93 1668 0 23 3.8 -72  4 16 14.92 0.86
1604 0 22  40.9 -71 45  31 14.03 1.01 1669 0 23 13.6 -72  20  23 14.24 0 .80
1605 0 23 2.4 -72  21 22 14.04 0.88 1670 0 23 15.3 -72  22  51 14.18 0.88
1606 0 23 6.8 -72  28  3 14.13 0.84 1671 0 23 14.9 -72  21 26 14.23 0.78
1607 0 23  10.3 -72 33  31 14.73 0.85 1672 0 23 24.1 -72  34  59 12.65 1.24
1608 0 22  38.7 -71 40  31 15.13 1.25 1673 0 23 7.9 -72 8 40 13.64 0.89
1609 0 23 2.2 -72  19 28 14.05 0.84 1674 0 23 12.4 -72  15 46 14.12 0.86
1610 0 22  54.7 -72  6 29 14.55 0.93 1675 0 23 14.3 -72  19 19 13.41 0.92
1611 0  22  56.4 -72  9 7 14.25 0.97 1676 0 22 58.6 -71 52  33 14.34 0.84
1612 0 22  57.5 -72  10 21 14.06 0.87 1677 0 23 5.9 -72  4 3 13.74 1.14
1613 0 23 1.1 -72  15 49 13.76 1.09 1678 0 23 13.0 -72 15 29 13.35 1.21
1614 0 23 4.5 -72  21 10 13.04 1.22 1679 0 23 19.9 -72  26  50 14.07 0.86
1615 0 23 5.9 -72  23  29 14.15 0.99 1680 0 23 10.0 -72  10 32 15.57 0.67
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TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
1681 0  23  10.7 -72  11 14 12.48 1.31 1746 0 23  31.6 -72  23  12 13.86 0.96
1682 0  23  22.0 -72  29  30 15.09 0.78 1747 0 23  22.5 -72  7 58 15.37 0.46
1683 0  23  21.5 -72  27  21 15.33 0.12 1748 0 23  29.1 -72  18 17 15.40 0.87
1684 0  23  23.0 -72  29  45 13.11 1.18 1749 0 23  32.3 -72  23  27 11.67 1.74
1685 0  23  28.9 -72  38  9 14.05 0.84 1750 0 23  36.0 -72  29  3 15.56 0.35
1686 0  23  42.3 -72  58  56 13.80 0.79 1751 0 23  31.2 -72  20  42 14.46 0.96
1687 0 23  47 .2 -73  6 8 15.46 0.57 1752 0 23  33.5 -72  24  3 14.06 0.87
1688 0 23  19.4 -72  22  42 13.02 0.94 1753 0 23  17.6 -71 58  50 14.72 0.96
1689 0  23  24.4 -72  30  52 12.57 1.29 1754 0 23  25.3 -72  10  32 14.49 1.01
1690 0 23  16.5 -72  17 17 12.95 1.04 1755 0  23  28.5 -72  15 29 14.44 0.91
1691 0  23  16.7 -72  17 57 13.85 1.09 1756 0 23  32.6 -72  21  20 14.08 0.81
1692 0 23  17.4 -72  19 9 14.20 0.81 1757 0 23  33.0 -72  21 53 14.97 0.94
1693 0 23  17.6 -72  19 42 12.47 1.12 1758 0 23  35.5 -72  25  2 15.70 0.34
1694 0  23  18.2 -72  19 58 14.02 0.94 1759 0 23  37.8 -72  28  18 14.30 0.99
1695 0 23  19.0 -72  20  57 13.90 1.09 1760 0  24  6.5 -73  10  14 14.87 0.72
1696 0  23  26.3 -72  32  46 15.53 0.74 1761 0  23  32.1 -72  18 24 14.49 1.05
1697 0 23  18.0 -72  18 55 12.90 1.31 1762 0  23  32.4 -72  18 41 14.52 0.93
1698 0 23  12.2 -72  8 38 15.49 0.73 1763 0 23  33.5 -72  20  27 14.74 0.97
1699 0  23  15.6 -72  14  10 14.09 0.75 1764 0 23  34.9 -72  22  41 15.49 0.78
1700 0  23  19.1 -72  19 22 14.06 0.83 1765 0 23  35.3 -72  23  26 12.99 1.16
1701 0  23  29.8 -72  36  21 14.49 0.91 1766 0 23  29.6 -72  13 25 15.11 0.92
1702 0 23  23.0 -72  24  37 13.60 1.01 1767 0 23  30.9 -72  15 21 15.25 0.90
1703 0 23  25.6 -72  28  39 12.78 1.10 1768 0 23  31.4 -72  16 1 14.08 1.01
1704 0 23  26.8 -72  30  46 14.40 1.13 1769 0 23  32.3 -72  16 17 14.06 1.09
1705 0 23  50.4 -73  5 38 14.58 0.74 1770 0 23  13.0 -71 44  31 11.87 0.63
1706 0 22  52.5 -71 33  44 15.27 0.82 1771 0 23  21.8 -71  59  10 15.19 0.83
1707 0  23  13.9 -72  9 18 15.87 0.46 1772 0 23  33.8 -72  17 17 13.79 1.06
1708 0 23  18.8 -72  16  34 14.96 0.81 1773 0 23  34.2 -72  18 8 14.63 0.97
1709 0  23  23.5 -72  24  22 14.94 0.92 1774 0 23  20.8 -71  56  8 13.90 1.04
1710 0 23  25.9 -72  27  24 13.97 0.90 1775 0 23  36.9 -72  21  57 14.19 0.86
1711 0 23  13.9 -72  7 46 15.62 0.83 1776 0 23  20.4 -71 54  37 11.79 1.01
1712 0 23  18.4 -72  14  45 13.44 1.02 1777 0 23  32.8 -72  14 15 14.07 0.84
1713 0 23  18.6 -72  15 41 14.39 0.97 1778 0 24  0 .6 -72  55  56 14.86 0.65
1714 0 23  22.0 -72  20  24 15.33 0.84 1779 0 23  41 .4 -72  26  23 15.51 0.88
1715 0 23  23.6 -72  23  31 13.19 1.11 1780 0 23  56.9 -72  49  0 14.93 0.57
1716 0 23  25.3 -72  25  49 14.13 0.86 1781 0 23  28.6 -72  5 36 14.72 0.92
1717 0 23  38.6 -72  46  34 10.58 0.44 1782 0 23  35.2 -72  15 40 14.05 0.98
1718 0 23  23.1 -72  21  27 13.35 0.85 1783 0 23  37.8 -72  19 49 14.56 0.90
1719 0  23  26.6 -72  26  46 13.98 0.86 1784 0 23  45.3 -72  30  48 14.01 0.85
1720 0 23  32.8 -72  35  30 13.12 1.11 1785 0 23  22.0 -71 53  55 14.51 1.04
1721 0 23  14.6 -72  5 38 14.92 0.91 1786 0 23  34.9 -72  13 24 15.11 0.91
1722 0 23  16.0 -72  8 33 14.99 0.81 1787 0 23  35.9 . -72  14 46 15.16 - 0.06
1723 0  23  20.0 -72  14  56 13.98 1.16 1788 0 23  42.3 -72  24  48 14.79 0.88
1724 0 23  23.8 -72  20  45 11.98 1.63 1789 0 23  37 .0 -72  15 7 15.38 0.84
1725 0 23  22.4 -72  17 3 15.21 0.79 1790 0 23  38.6 -72  18 9 13.82 0.83
1726 0 23  22.7 -72  17 52 15.33 0.89 1791 0 23  48 .0 -72  32  10 14.55 1.02
1727 0 23  30.1 -72  29  35 14.02 0.75 1792 0 24  9.8 -73  4  17 15.06 1.27
1728 0  23  32.2 -72  32  2 15.35 0.75 1793 0 23  40 .2 -72  18 55 15.53 0.79
1729 0 23  33.9 -72  35  7 14.04 0.85 1794 0  23  56.5 -72  42  31 13.79 0.74
1730 0 23  24.6 -72  19 24 12.87 0.94 1795 0 23  36 .0 -72  11 23 13.52 0 .94
1731 0 23  27.9 -72  24  44 14.17 0.82 1796 0 23  46.3 -72  26  34 14.47 0.93
1732 0 23  27.7 -72  24  58 13.38 0.96 1797 0 23  47.9 -72  29  0 14.56 0.97
1733 0  23  21.0 -72  12 58 15.62 0.75 1798 0 23  25.3 -71 53  33 13.86 0.93
1734 0  23  24.4 -72  18 42 13.19 1.14 1799 0 23  38.0 -72  13 1 14.02 0.87
1735 0 23  22.3 -72  14 12 12.68 1.17 1800 0 23  41.0 -72  17 53 14.44 0.97
1736 0 23  25.4 -72  19 11 14.10 0.82 1801 0 23  41.8 -72  19 17 14.16 0.94
1737 0 23  30.6 -72  26  36 14.10 0.89 1802 0 23  39.3 -72  13 53 14.73 0.89
1738 0 23  32.9 -72  30  7 13.97 0.84 1803 0 23  44.1 -72  21  18 15.30 0.85
1739 0  23  28.6 -72  23  6 14.82 0.61 1804 0 23  46.1 -72  24  30 12.74 1.28
1740 0  23  28 .0 -72  20  55 15.21 0.70 1805 0 23  51.2 -72  32  30 15.39 0.78
1741 0 23  29.4 -72  22  53 13.99 0.86 1806 0 23  42.8 -72  18 26 12.49 1.26
1742 0 23  26.0 -72  16 59 14.13 0.86 1807 0 23  40 .0 -72  13 20 13.66 1.06
1743 0 23  26.7 -72  17 44 12.28 1.25 1808 0 23  40.8 -72  14 28 14.05 0.87
1744 0 23  29.7 -72  22  16 13.89 0.89 1809 0 23  43.9 -72  19 25 14.92 0.87
1745 0 23  19.1 -72  4 21 15.57 0.53 1810 0 23  34.3 -72  3 9 15.39 0.78
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ID RA (1 9 5 0 ) Dec V  (B-V ) ID RA (19 5 0 ) Dec V (B -V )
( 1 ) ( 2 ) (3) (4) (5) ( 1 ) ( 2 ) 0 ) (4) (:5)
18 1 1 0 23  4 0 .5 -7 2  12  4 8 1 4 .0 9 0 .8 9 1 8 7 6 0 2 4  8 .0 - 7 2  2 8  4 1 1 4 .2 3 0 .9 7
1 8 1 2 0  2 3  4 6 . 4 -7 2  21  51 1 4 .2 0 1.01 187 7 0 2 3  5 3 .7 - 7 2  5 5 8 1 5 .2 8 0 .8 2
1 8 1 3 0  23  4 7 . 6 -7 2  2 3  2 5 1 4 .1 1 0 .8 8 1878 0 2 4  1 6 .2 -7 2  3 9  25 1 4 .0 1 1 .03
1 8 1 4 0 2 3  5 0 .6 -7 2  2 7  3 4 1 3 .3 7 0 .8 3 18 7 9 0 2 4  1 9 .5 -7 2  4 4  2 6 1 4 .2 9 0 .8 3
1 8 1 5 0 23  5 2 .6 -72  2 8  55 1 3 .7 8 1 .05 1 8 8 0 0 2 4  1 .3 - 7 2  16  4 4 1 3 .4 7 1 .0 8
1 8 1 6 0 2 4  1 9 .8 -73  8 4 0 1 3 .2 3 1 .3 2 1881 0 2 4  4 . 9 -7 2  21  3 7 1 4 .3 5 0 .9 4
1 8 1 7 0 23  3 5 .5 -7 2  1 4 6 1 4 .4 4 0 .9 5 1 8 8 2 0 2 3  3 9 .0 -71 4 0  23 1 3 .4 5 0 .8 8
1 8 1 8 0 23  4 7 . 2 -7 2  19  4 0 1 4 .1 6 0 .8 7 18 8 3 0 2 3  4 7 .6 -71 5 4  5 1 4 .2 7 0 .7 4
1 8 1 9 0 23  5 6 .7 -7 2  3 4  6 1 3 .6 7 0 .8 7 1 8 8 4 0 2 3  5 4 .1 - 7 2  4  6 1 2 .4 7 0 .8 2
1 8 2 0 0 23  4 8 . 2 -7 2  21  8 1 2 .2 4 1 .4 6 1885 0 2 3  5 6 .1 -7 2  7 11 1 5 .8 2 0 .5 8
182 1 0 2 3  5 3 . 2 -7 2  2 8  6 1 5 .1 0 0 .9 0 188 6 0 2 4  2 .6 -7 2  16 55 1 4 .2 1 0 .7 9
1 8 2 2 0 2 3  3 0 .5 -71 5 2  3 9 1 3 .2 1 0 .6 8 1 8 8 7 0 2 4  7 . 2 -7 2  2 3  13 1 4 .5 1 1.01
1 8 2 3 0 23  4 1 .1 -7 2  9 7 1 4 .5 3 0 .9 0 1888 0 2 4  5 . 0 -7 2  19 4 1 4 .6 1 0 .9 7
1 8 2 4 0 23  4 9 . 0 -7 2  2 0  3 6 1 3 .9 2 0 .8 0 18 8 9 0 2 4  1 1 .8 - 7 2  2 8  5 0 1 3 .9 9 0 .9 0
1 8 2 5 0  2 3  4 1 . 8 -7 2  8 4 4 1 3 .5 3 1 .0 9 1 8 9 0 0 2 4  8 .2 -7 2  2 2  2 5 1 3 .9 9 0 .7 7
1 8 2 6 0 23  4 5 . 4 -7 2  13 4 8 1 3 .9 4 0 .8 7 1891 0 2 4  5 . 4 - 7 2  17 2 7 1 4 .9 8 0 .8 5
1 8 2 7 0 2 3  4 7 . 0 -7 2  15 51 1 4 .1 0 0 .8 8 1 8 9 2 0 2 4  1 3 .3 -7 2  2 8  2 4 1 5 .2 0 0 .8 0
1 8 2 8 0 23  4 9 .5 -7 2  19 4 9 1 3 .5 7 0 .9 4 1893 0 2 4  2 3 .8 -7 2  4 3  3 8 1 5 .0 4 0 .7 8
1 8 2 9 0 2 3  5 0 .3 -7 2  21  18 1 3 .9 5 1.11 1 8 9 4 0 2 3  4 1 . 9 -71 4 0  2 0 1 3 .3 4 0.86
1 8 3 0 0 2 3  3 2 .8 -71 5 2  5 6 1 5 .3 3 0 .7 5 1895 0 2 4  1 1 .5 -7 2  2 4  5 6 1 5 .1 6 0 .7 1
1831 0 23  5 3 .5 -7 2  2 4  5 2 1 4 .2 7 0 .7 0 1 8 9 6 0 2 4  1 8 .5 -7 2  3 5  12 1 4 .9 0 0 .6 1
1 8 3 2 0 23  3 6 .9 -71 5 8  41 1 4 .0 6 0 .8 8 18 9 7 0 2 3  4 6 .1 -71  4 5  4 3 1 1 .8 6 0 .7 5
1 8 3 3 0 23  5 1 .5 -7 2  19  4 0 1 4 .9 7 0 .8 3 1898 0 2 4  1 0 .3 - 7 2  2 2  9 1 5 .3 8 0 .8 3
1 8 3 4 0 23  5 1 .3 -7 2  19 55 1 4 .0 0 1 .0 9 1 8 9 9 0 2 4  1 4 .7 - 7 2  2 8  4 6 1 5 .3 0 0 .6 6
1 8 3 5 0 23  5 6 .7 -7 2  2 7  2 7 1 4 .7 3 0 .8 5 1 9 0 0 0 2 4  1 6 .6 -7 2  31  8 1 5 .4 0 0 .7 5
1 8 3 6 0 2 4  2 .3 -7 2  3 5  5 2 1 5 .9 1 0 .6 1 1901 0 2 4  6 .2 - 7 2  15 3 5 1 3 .3 2 1 .13
1 8 3 7 0 2 3  5 0 .5 -7 2  16  4 4 1 4 .1 0 0 .7 7 1 9 0 2 0 2 4  9 . 2 -7 2  18 4 7 1 4 .0 2 0 .8 9
1 8 3 8 0 2 3  5 3 . 0 -7 2  2 0  4 7 1 4 .1 0 0 .8 8 1903 0 2 4  2 0 . 0 -7 2  3 4  3 2 1 5 .8 4 0 .6 4
1 8 3 9 0 23  5 1 .8 -7 2  18 3 0 1 3 .9 7 0 .8 4 1 9 0 4 0 2 4  2 . 4 -7 2  6 51 1 4 .7 8 0 .9 7
1 8 4 0 0 23  5 2 . 4 -7 2  19  15 1 5 .2 9 0 .8 1 1905 0 2 4  1 9 .3 -7 2  3 0  5 0 1 3 .8 8 1 .0 2
18 4 1 0 2 3  5 8 .7 -7 2  2 8  51 1 4 .9 7 0 .6 0 1 9 0 6 0 2 4  2 1 . 0 -7 2  3 2  4 6 1 5 .5 9 0 .7 3
1 8 4 2 0 23  5 1 . 2 -7 2  14  59 1 4 .2 4 0 .7 3 19 0 7 0 2 4  3 7 .5 - 7 2  5 2  0 1 5 .3 1 0 .8 2
1 8 4 3 0 2 4  2 7 .8 -73  8 0 1 5 .6 6 0 .3 9 190 8 0 2 4  4 . 4 -7 2  3 4 0 1 4 .0 0 0 .9 3
1 8 4 4 0 23  4 5 . 6 -7 2  6 8 1 4 .0 7 0 .8 6 19 0 9 0 2 4  2 0 .9 -7 2  2 8  3 1 3 .7 9 1 .0 2
1 8 4 5 0 23  5 1 .6 -7 2  15 15 1 3 .7 2 1 .0 4 1 9 1 0 0 2 4  2 4 . 0 - 7 2  3 2  3 2 1 3 .8 6 0 .7 2
1 8 4 6 0 23  5 8 .3 -7 2  2 4  5 6 1 3 .5 2 0 .9 3 1911 0 2 4  4 6 .9 -73  4  2 6 1 5 .2 5 0 .7 4
1 8 4 7 0 23  5 2 .3 -7 2  15 7 1 3 .9 1 1 .0 4 1 9 1 2 0 2 4  1 1 .9 -7 2  14  31 1 5 .1 5 0 .9 1
1 8 4 8 0 2 3  5 5 .8 - 7 2  18  2 0 1 3 .0 6 1 .1 6 1913 0 2 4  1 3 .3 -7 2  16  3 3 1 5 .1 2 0 .8 0
1 8 4 9 0 2 3  5 7 . 4 -7 2  2 0  2 5 1 4 .2 5 0 .9 4 1 9 1 4 0 2 4  1 9 .5 -7 2  2 5  2 2 1 3 .9 3 1 .0 2
1 8 5 0 0 2 3  5 8 . 0 - 7 2  2 1  2 4 1 4 .9 4 0 .8 8 1915 0 2 4  2 0 .0 - 7 2  2 5  3 0 1 3 .2 7 0 .9 9
18 5 1 0 23  5 6 .5 -7 2  18 5 0 1 5 .2 7 0 .9 2 1 9 1 6 0 2 4  1 3 .5 - 7 2  15 2 7 1 4 .9 9 0 .8 4
1 8 5 2 0 2 4  0 . 2 -7 2  2 4  11 1 5 .2 8 0 .8 5 19 1 7 0 2 4  15 .1 -7 2  17 31 1 3 .7 1 1 .0 6
1 8 5 3 0 2 4  2 6 . 4 -73  1 2 2 1 3 .5 7 0 .8 6 1918 0 2 4  1 8 .4 -7 2  2 2  2 9 1 4 .0 0 0 .7 5
1 8 5 4 0 23  3 8 . 7 -71 4 9  4 5 1 3 .8 4 0 .8 1 191 9 0 2 4  2 1 . 0 - 7 2  2 6  3 0 1 3 .7 6 0 .9 4
1 8 5 5 0 2 3  4 6 . 2 -7 2  1 2 6 1 5 .1 5 0 .8 2 1 9 2 0 0 2 4  1 8 .6 -7 2  21  4 7 1 5 .2 6 0 .7 3
1 8 5 6 0 2 3  5 2 .3 - 7 2  1 0  0 1 1 .7 5 1 .61 1921 0 2 4  4 .3 -71 5 9  51 1 4 .5 9 0 .9 6
1 8 5 7 0 23  6 0 .0 -7 2  21  4 8 1 5 .4 5 0 .8 1 1 9 2 2 0 2 4  1 3 .9 -7 2  13 4 3 1 3 .5 7 1 .1 4
1 8 5 8 0 23  5 1 .5 -7 2  7 2 4 1 3 .9 5 0 .8 7 192 3 0 2 4  1 8 .6 -7 2  21  2 2 1 3 .2 7 0 .9 4
1 8 5 9 0 23  5 6 .1 -7 2  15 3 1 3 .7 4 1 .0 9 1 9 2 4 0 2 4  2 2 .7 -7 2  2 6  5 5 1 5 .4 6 0 .7 5
1 8 6 0 0 23  5 9 .6 -7 2  2 0  2 0 1 5 .2 8 0 . 8 4 1925 0 2 4  3 0 .7 -7 2  3 7  2 7 1 4 .5 9 0 .9 1
186 1 0 2 4  1 .0 -7 2  2 2  2 1 4 .2 6 0 .9 7 1 9 2 6 0 2 4  3 5 .9 -7 2  4 4  5 7 1 2 .8 9 0 .6 3
1 8 6 2 0 23  4 9 . 5 -7 2  4  6 1 5 .2 1 0 .6 4 192 7 0 2 4  1 2 .3 -7 2  1 0  8 1 3 .0 8 1 .0 4
1 8 6 3 0 2 3  5 9 .7 -7 2  19  2 0 1 4 .1 4 0 . 8 4 1928 0 2 4  1 8 .6 -7 2  19 3 3 1 5 .4 2 0 .7 8
1 8 6 4 0 2 4  0 . 4 -7 2  2 0  3 9 1 5 .7 6 0 .7 3 192 9 0 2 4  2 3 . 0 -7 2  2 4  2 7 1 4 .1 2 1 .05
1 8 6 5 0 2 4  1 .2 -7 2  21  3 9 1 5 .7 4 0 .8 1 1 9 3 0 0 2 4  2 3 . 4 -7 2  2 5  2 6 1 4 .1 3 0 .8 2
1 8 6 6 0 2 4  2 .9 -7 2  2 3  4 0 1 4 .2 7 1 .0 4 1931 0 2 4  2 6 .1 -7 2  2 8  4 9 1 5 .7 8 0 .6 8
1 8 6 7 0 2 4  1 3 .8 -7 2  3 9  23 1 4 .2 1 0 .7 2 193 2 0 2 4  9 . 0 -7 2  3 0 1 4 .0 3 1 .0 7
1 8 6 8 0 2 4  1 8 .8 -7 2  4 5  4 9 1 4 .0 2 0 .8 6 1933 0 2 3  5 3 . 2 -71  3 8  9 1 2 .6 9 0 .8 9
1 8 6 9 0 2 3  4 2 . 9 -71 5 2  3 1 3 .4 5 0 . 8 0 1 9 3 4 0 2 4  1 8 .4 -7 2  16 2 5 1 4 .5 3 0 .9 2
1 8 7 0 0 2 4  7 .5 -7 2  2 8  2 7 1 4 .9 7 0 . 8 2 1935 0 2 4  2 2 .5 -7 2  21  3 0 1 3 .7 8 0 .9 6
1871 0 2 4  9 .8 -7 2  31  4 9 1 5 .1 7 0 .8 5 1 9 3 6 0 2 4  2 4 .1 - 7 2  2 3  21 1 3 .3 8 1 .1 7
1 8 7 2 0 2 4  1 2 .8 -7 2  3 6  2 2 1 5 .6 8 0 .7 6 193 7 0 2 4  2 4 .5 -7 2  2 3  4 6 1 4 .4 8 0 .9 8
187 3 0 2 3  3 3 .6 -71 3 5  53 1 5 .3 8 0 .6 9 1938 0 2 4  4 0 . 8 -7 2  4 5  2 9 1 5 .4 6 0 .8 2
1 8 7 4 0 23  5 4 .3 -7 2  8 2 7 1 3 .9 0 0 .8 8 1939 0 2 4  1 7 .9 -7 2  12  3 2 1 4 .0 4 0 .8 2
1 8 7 5 0 2 4  1 .2 -7 2  18  4 3 1 3 .9 5 0 .9 1 1 9 4 0 0 2 4  2 5 . 0 -7 2  2 0  14 1 5 .1 4 0 .8 7
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ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
194 1 0 2 4  2 7 .3 -7 2  2 4  2 8 1 4 .0 8 0 .9 2 2 0 0 6 0 2 4  4 5 .5 -7 2  12  3 3 1 4 .5 8 0 .9 0
1 9 4 2 0  2 4  1 9 .5 -7 2  11 5 0 1 3 .6 7 1.11 2 0 0 7 0 2 5  1 4 .2 - 7 2  5 1  2 5 1 5 .9 0 0 .4 3
1 9 4 3 0  2 4  2 4 .3 -7 2  18  4 6 1 4 .5 2 1 .0 4 2 0 0 8 0 2 5  1 4 .3 - 7 2  51  2 5 1 5 .9 0 0 .4 4
1 9 4 4 0 2 4  1 0 .3 -71 5 6  3 8 1 2 .4 6 0 .8 5 2 0 0 9 0 2 5  3 .3 - 7 2  3 4  2 0 1 4 .7 3 0 . 9 4
1 9 4 5 0 2 4  1 5 .8 -7 2  4  21 1 2 .1 9 1 .4 8 2 0 1 0 0 2 4  5 2 .3 -7 2  18 4 0 1 5 .7 1 0 .7 5
1 9 4 6 0 2 4  1 7 .2 -7 2  6 4 9 1 2 .4 8 1 .3 6 2 0 1 1 0 2 4  4 3 .5 -7 2  5 15 1 5 .0 8 0 .6 4
1 9 4 7 0  2 4  3 1 .8 -7 2  2 7  4 5 1 4 .5 0 0 .9 6 2 0 1 2 0 2 4  5 2 .1 - 7 2  17 2 6 1 4 .3 6 0 .9 6
1 9 4 8 0 2 4  2 3 . 4 -7 2  13 3 9 1 5 .5 7 0 .6 1 2 0 1 3 0 2 4  5 2 .2 -7 2  17 4 7 1 2 .1 7 1 .2 9
1 9 4 9 0  2 4  2 3 .8 -7 2  14  0 1 4 .0 1 0 .8 6 2 0 1 4 0 2 5  2 .9 -7 2  3 2  3 1 5 .3 5 0 . 8 4
1 9 5 0 0 2 4  2 6 .1 -7 2  17 4 7 1 5 .7 0 0 .7 5 2 0 1 5 0 2 4  5 1 .5 -7 2  15 3 2 1 4 .9 4 0 .7 0
195 1 0  2 4  2 1 .7 -7 2  10  14 1 2 .9 4 1 .2 0 2 0 1 6 0 2 4  3 8 .3 -71 5 6  18 1 4 .0 5 0 .7 1
1 9 5 2 0  2 4  9 .9 -71 51  55 1 4 .4 1 0 .6 9 2 0 1 7 0 2 4  4 9 .1 -7 2  11 4 6 1 5 .6 8 0 . 6 2
1 9 5 3 0 2 4  2 9 . 4 -7 2  2 0  3 2 1 3 .8 9 0 .9 5 2 0 1 8 0 2 5  3 .1 -7 2  3 0  5 3 1 3 .9 8 0 .8 8
1 9 5 4 0 2 4  2 9 .7 -7 2  2 0  5 7 1 4 .0 7 0 .8 7 2 0 1 9 0 2 4  4 8 . 2 -7 2  9 13 1 4 .8 3 0 .8 3
1 9 5 5 0 2 4  3 2 .5 -7 2  2 4  5 0 1 5 .4 7 0 .7 4 2 0 2 0 0 2 4  4 6 .5 - 7 2  5 51 1 2 .1 7 1 .5 2
1 9 5 6 0 2 4  3 2 .5 - 7 2  2 5  18 1 4 .9 6 0 .7 8 2 0 2 1 0 2 4  5 6 .3 -7 2  18 3 2 1 4 .6 7 0 .9 7
1 9 5 7 0 2 4  3 2 .6 - 7 2  2 3  7 1 4 .5 2 0 .5 4 2 0 2 2 0 2 4  5 7 .6 - 7 2  2 0  6 1 3 .1 0 1 .0 9
1 9 5 8 0  2 4  2 9 .5 -7 2  17 5 4 1 4 .0 5 0 . 9 2 2 0 2 3 0 2 5  6 .2 - 7 2  3 2  7 1 5 .3 4 0 .8 1
1 9 5 9 0 2 4  3 4 . 2 -7 2  2 4  3 4 1 2 .2 0 0 .6 6 2 0 2 4 0 2 4  5 1 .5 - 7 2  11 2 4 1 3 .1 9 0 .8 4
1 9 6 0 0 2 4  2 6 .5 -7 2  13 7 1 3 .8 7 1 .0 2 2 0 2 5 0 2 4  5 4 .6 -7 2  14  2 7 1 4 .0 0 0 .8 4
196 1 0 2 4  3 0 .1 -7 2  17 4 0 1 5 .0 9 0 .8 1 2 0 2 6 0 2 4  5 6 . 4 - 7 2  17 13 1 3 .0 0 1 .1 6
1 9 6 2 0 2 4  5 5 .6 -7 2  5 3  1 2 1 3 .6 8 0 .8 9 2 0 2 7 0 2 5  1 3 .2 -7 2  3 9  3 7 1 5 .4 0 0 .5 8
1 9 6 3 0 2 4  2 4 .1 -7 2  8 13 1 3 .6 5 0 .8 7 2 0 2 8 0 2 4  3 7 .1 -71 4 8  4 7 1 2 .0 0 0 .9 8
1 9 6 4 0 2 4  3 0 . 0 -7 2  16  4 5 1 5 .7 2 0 .7 3 2 0 2 9 0 2 5  9 .9 -7 2  3 4  2 3 1 5 .8 1 0 .5 1
1 9 6 5 0 2 4  3 6 .6 - 7 2  2 5  5 7 1 4 .8 6 0 .9 4 2 0 3 0 0 2 5  9 . 9 - 7 2  3 4  2 3 1 5 .8 1 0 .5 1
1 9 6 6 0 2 4  4 4 .5 -7 2  3 7  10 1 4 .7 8 0 .7 1 2 0 3 1 0 2 5  8 .4 -7 2  2 9  2 4 1 4 .0 0 0 .9 8
1 9 6 7 0 2 4  4 5 .1 -7 2  3 7  4 0 1 4 .7 1 0 .5 8 2 0 3 2 0 2 5  1 0 .4 -7 2  3 2  4 7 1 5 .0 2 0 .5 8
1 9 6 8 0  2 4  1 7 .5 -71 5 6  3 5 1 4 .7 4 0 .9 9 2 0 3 3 0 2 5  1 3 .3 - 7 2  3 5  5 8 1 2 .8 8 0 . 9 0
1 9 6 9 0 2 4  1 0 .6 -71 4 5  11 1 5 .3 8 0 .7 3 2 0 3 4 0 2 5  3 6 .3 -73  5 5 0 1 4 .7 6 0 . 7 2
1 9 7 0 0 2 4  4 4 .9 -7 2  3 4  4 1 1 4 .0 7 0 .8 9 2 0 3 5 0 2 4  2 9 . 2 -71 3 2  2 0 1 3 .7 0 0 .8 8
1971 0 2 4  3 1 .5 -7 2  14  5 7 1 4 .3 4 1 .0 0 2 0 3 6 0 2 4  5 9 .7 -7 2  15 5 3 1 3 .8 7 1 .0 0
1 9 7 2 0 2 4  5 3 .1 - 7 2  4 5  17 1 3 .5 2 0 .8 6 2 0 3 7 0 2 5  6 .5 -7 2  2 5  7 1 4 .7 1 0 .9 8
1 9 7 3 0 2 4  2 6 .6 -7 2  7 16 1 3 .4 7 0 .8 9 2 0 3 8 0 25  4 0 . 0 -73  7 3 9 1 4 .8 1 1 .1 5
1 9 7 4 0 2 4  3 2 .5 -7 2  15 21 1 4 .8 5 0 .9 7 2 0 3 9 0 2 4  5 8 .7 - 7 2  10  9 1 5 .8 0 0 .6 3
1 9 7 5 0 2 4  3 7 .0 -7 2  2 1  2 0 1 5 .6 3 0 .8 7 2 0 4 0 0 2 5  3 .1 - 7 2  16  3 0 1 2 .8 0 1 .2 6
1 9 7 6 0 2 4  4 4 .1 -7 2  3 0  15 1 3 .2 6 1.11 2 0 4 1 0 2 5  8 . 2 -7 2  2 3  2 9 1 4 .4 7 0 .9 3
1 9 7 7 0 2 4  4 8 . 0 -7 2  3 4  5 3 1 3 .4 2 1 .1 2 2 0 4 2 0 2 5  1 5 .4 -7 2  3 1  5 2 1 5 .4 4 0 .7 5
1 9 7 8 0 2 4  4 0 . 6 -7 2  2 3  3 4 1 2 .5 8 1 .1 8 2 0 4 3 0 2 5  1 5 .4 - 7 2  3 0  15 1 4 .4 6 0 .7 3
1 9 7 9 0 2 4  3 1 .1 - 7 2  6 4 8 1 5 .1 3 0 .9 1 2 0 4 4 0 2 4  5 3 .6 -71 5 8  51 1 4 .7 4 1 .0 9
1 9 8 0 0 2 4  2 4 .7 -71 5 6  4 9 1 2 .7 8 0 .6 8 2 0 4 5 0 2 5  1 4 .5 -7 2  2 6  4 9 1 4 .7 2 0 .8 6
198 1 0 25  1.1 -7 2  4 7  4 4 1 1 .8 9 1 .6 3 2 0 4 6 0 2 5  3 2 .3 - 7 2  51  2 1 3 .3 0 0 .9 9
1 9 8 2 0 2 4  9 .8 -71 3 3  0 1 0 .1 8 1 .5 5 2 0 4 7 0 2 4  5 3 .0 -71 5 6  5 4 1 3 .3 5 0 .8 4
1 9 8 3 0 2 4  4 3 .3 - 7 2  2 2  7 1 5 .4 8 0 .8 4 2 0 4 8 0 2 5  3 3 .4 -7 2  51  31 1 5 .5 7 0 .5 8
1 9 8 4 0 2 5  1 0 .2 -7 2  5 7  31 1 1 .2 1 0 .5 4 2 0 4 9 0 2 5  9 .7 -7 2  19  3 2 1 4 .4 5 0 .9 6
1 9 8 5 0 2 4  3 7 .8 -7 2  1 2  2 4 1 2 .3 2 0 .7 9 2 0 5 0 0 2 5  3 . 6 - 7 2  9 1 1 5 .5 4 0 .8 5
1 9 8 6 0 2 4  4 8 . 0 - 7 2  2 5  5 9 1 5 .5 3 0 .7 4 2 0 5 1 0 2 5  2 . 2 -7 2  6 7 1 4 .2 6 0 . 8 2
1 9 8 7 0 2 4  4 3 .1 -7 2  18 5 4 1 3 .2 1 0 .9 3 2 0 5 2 0 2 5  3 4 .3 - 7 2  4 8  4 1 1 4 .1 0 0 .8 1
1 9 8 8 0 2 4  4 9 .6 - 7 2  2 7  8 1 3 .1 2 1 .0 7 2 0 5 3 0 2 5  2 2 .6 -7 2  3 1  4 7 1 4 .7 7 0 .9 3
1 9 8 9 0 2 4  3 4 .3 -7 2  4  0 1 3 .3 6 0 .7 3 2 0 5 4 0 2 5  2 0 .6 -7 2  2 8  4 3 1 5 .0 7 0 .8 2
1 9 9 0 0  2 4  3 9 .9 -7 2  12  8 1 5 .1 3 0 .8 2 2 0 5 5 0 2 5  4 . 6 - 7 2  6 13 1 4 .4 5 1 .0 2
1 9 9 1 0 2 4  4 7 . 2 -7 2  2 2  3 7 1 3 .9 8 0 .8 1 2 0 5 6 0 2 5  1 0 .8 -7 2  1 4  3 8 1 4 .5 4 0 .6 5
1 9 9 2 0 2 4  4 9 .8 -7 2  2 6  2 6 1 5 .7 2 0 .7 9 2 0 5 7 0 2 5  1 6 .8 - 7 2  2 2  8 1 3 .6 6 0 . 8 6
1 9 9 3 0  25  9 .1 -7 2  51  31 1 3 .0 3 1 .1 3 2 0 5 8 0 2 5  1 8 .0 -7 2  2 2  2 8 1 5 .2 8 0 .8 9
1 9 9 4 0 2 4  2 4 .9 -71 4 8  4 8 1 2 .8 7 1 .3 2 2 0 5 9 0 2 4  4 4 .1 -71 3 3  5 9 1 3 .4 3 0 .5 9
1 9 9 5 0 2 4  5 5 .9 -7 2  31  2 8 1 4 .6 5 0 .6 8 2 0 6 0 0 2 5  5 4 .0 -73  5 2 0 1 5 .7 8 0 .5 9
1 9 9 6 0 25  0 .2 -7 2  3 7  4 4 1 1 .4 0 0 .5 8 2 0 6 1 0 2 5  1 2 .7 - 7 2  1 0  3 7 1 4 .0 0 0 .8 9
1 9 9 7 0 25  0 .7 -7 2  3 8  3 4 1 2 .7 5 0 .5 3 2 0 6 2 0 2 5  2 0 .8 - 7 2  21  2 5 1 5 .4 1 0 .8 1
1 9 9 8 0 25  2 0 .1 -73  3 5 4 1 3 .4 8 0 .8 0 2 0 6 3 0 2 5  2 6 .7 -7 2  2 9  3 2 1 5 .5 2 0 .7 6
1 9 9 9 0  2 4  3 9 .0 -7 2  6 5 8 1 5 .1 9 0 .6 9 2 0 6 4 0 2 5  5 0 . 0 -7 2  5 8  4 0 1 0 .4 2 0 . 4 0
2 0 0 0 0 2 4  5 1 .8 -7 2  2 4  4 4 1 3 .9 2 0 .7 6 2 0 6 5 0 2 5  2 0 .3 - 7 2  19  2 6 1 3 .7 4 0 . 7 6
2 0 0 1 0 25  6 .0 -7 2  4 4  2 7 1 4 .9 8 1 .2 3 2 0 6 6 0 2 5  1 7 .6 -7 2  14  5 2 1 2 .8 2 1 .2 3
2 0 0 2 0 25  6 .1 -7 2  4 4  2 7 1 4 .9 8 1 .2 3 2 0 6 7 0 2 5  5 8 .8 -73  7 19 1 4 .8 4 0 .9 9
2 0 0 3 0 2 4  2 6 .1 -71 4 6  5 3 1 3 .0 8 0 .9 5 2 0 6 8 0 2 5  3 7 .5 -7 2  3 8  3 1 5 .3 9 0 .5 7
2 0 0 4 0 2 4  5 3 .3 - 7 2  2 5  2 3 1 5 .0 9 0 .8 3 2 0 6 9 0 25  2 0 .7 -7 2  14  5 5 1 4 .5 0 0 .9 7
2 0 0 5 0 25  1 7 .2 - 7 2  5 7  51 1 4 .7 5 0 .7 4 2 0 7 0 0 2 5  2 4 .4 -7 2  18 3 2 1 5 .6 3 0 .5 1
210
TABLE 1 cont. Photometry for 47 Tue Stars
ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
2 0 7 1 0 25 4 6 . 0 -72 4 7 1 1 4 . 0 6 0 . 8 5 2 1 3 6 0 2 6 8.1 - 72 2 2 5 0 1 3 . 9 4 0 . 8 4
2 0 7 2 0 2 6 2 . 7 -73 7 41 1 4 . 9 8 1 .0 7 2 1 3 7 0 2 6 3 7 . 2 -72 58 10 1 3 . 11 1 . 06
2 0 7 3 0 25 2 6 . 2 -72 19 4 0 1 4 . 63 0 . 9 4 2 1 3 8 0 2 6 2 8 . 9 - 72 4 6 57 1 5 . 0 4 0 . 7 8
2 0 7 4 0 25 2 7 . 1 -72 2 0 19 1 3 . 3 6 1 .15 2 1 3 9 0 2 6 1 0 . 4 -72 23 5 7 1 4 . 0 4 0 . 8 9
2 0 7 5 0 25 2 7 . 6 -72 21 4 1 4 . 4 9 0 . 9 8 2 1 4 0 0 2 6 13.1 - 72 2 6 3 6 1 5 . 6 4 0 . 6 7
2 0 7 6 0 25 3 6 . 9 -72 33 28 1 2 . 5 9 0 . 6 4 2 1 4 1 0 2 6 2 1 . 3 - 72 36 18 1 4 . 55 0 . 9 4
2 0 7 7 0 25 5 2 . 8 -72 53 4 2 1 5 . 6 6 0 . 7 9 2 1 4 2 0 2 6 0 . 0 -72 6 4 7 1 5 . 5 9 0 . 8 0
2 0 7 8 0 25 1 9 . 3 -72 8 1 1 4 . 2 2 1 . 0 2 2 1 4 3 0 2 6 6 . 9 -72 14 45 1 5 . 8 6 0 . 4 4
2 0 7 9 0 25 3 8 . 8 -72 3 2 18 1 4 . 4 4 1 . 0 0 2 1 4 4 0 25 5 8 . 6 - 72 3 3 3 1 4 . 98 0 .9 1
2 0 8 0 0 25 4 5 . 1 -72 3 8 8 1 4 . 0 4 0 . 7 4 2 1 4 5 0 2 6 15 .3 -72 2 4 58 1 5 . 3 8 0 . 8 2
2 0 8 1 0 25 4 6 . 1 -72 38 5 9 1 4 . 5 0 0 . 6 3 2 1 4 6 0 2 6 12 . 0 - 72 19 3 7 1 5 . 9 0 0 . 6 8
2 0 8 2 0 25 5 0 . 7 -72 4 4 3 1 5 . 4 6 0 . 6 8 2 1 4 7 0 25 5 6 . 6 -71 58 3 0 1 3 . 0 9 0 . 6 4
2 0 8 3 0 25 7 . 8 -71 4 5 5 2 14 .81 0 . 7 7 2 1 4 8 0 2 6 11 .7 - 72 17 5 7 1 4 . 4 0 0 . 8 4
2 0 8 4 0 25 4 3 . 4 -72 33 3 1 5 . 4 2 0 . 9 9 2 1 4 9 0 2 6 1 9 . 4 -72 25 3 2 15 . 45 0 . 6 0
2 0 8 5 0 25 4 9 . 3 -72 4 0 3 9 1 5 . 5 6 0 . 6 5 2 1 5 0 0 2 6 2 4 . 7 - 72 3 2 1 1 3 . 5 0 1 . 08
2 0 8 6 0 25 1 7 . 2 -71 56 7 1 4 . 0 2 0 . 9 3 2 1 5 1 0 2 6 2 8 . 0 -72 33 4 8 1 4 . 0 2 0 . 7 8
2 0 8 7 0 25 2 4 . 3 -72 5 31 1 4 . 8 2 0 . 9 2 2 1 5 2 0 2 6 3 2 . 5 -72 39 25 1 3 . 1 8 1 .09
2 0 8 8 0 25 5 2 . 3 -72 4 2 17 1 5 . 4 9 0 . 6 0 2 1 5 3 0 2 6 3 3 . 3 -72 4 0 2 7 1 5 . 3 6 0 . 5 6
2 0 8 9 0 2 6 1 2 . 0 -73 5 45 1 4 . 3 8 0 . 8 0 2 1 5 4 0 2 6 2 9 . 2 - 72 33 31 1 3 . 1 3 0 . 7 2
2 0 9 0 0 2 5 4 0 . 3 -72 2 4 4 0 15 .61 0 . 7 7 2 1 5 5 0 2 6 2 4 . 7 - 72 2 6 4 4 1 3 . 9 8 0 . 3 6
2 09 1 0 2 5 3 6 . 8 -72 18 5 2 1 3 . 91 0 . 8 9 2 1 5 6 0 2 6 1 3 . 6 - 72 11 53 1 2 . 6 4 0 . 8 4
2 0 9 2 0 2 6 1 3 . 4 -73 2 14 1 4 . 6 1 1 . 0 4 2 1 5 7 0 2 6 2 3 . 7 - 72 2 3 0 1 3 . 0 6 1 . 0 4
2 0 9 3 0 25 3 9 . 2 -72 16 27 14 .61 1 .01 2 1 5 8 0 2 6 2 7 . 9 - 72 27 4 3 1 5 . 61 0 . 51
2 0 9 4 0 25 1 6 . 6 -71 4 4 4 7 1 3 . 6 0 1 . 2 6 2 1 5 9 0 2 6 4 2 . 8 -72 45 4 1 3 . 1 4 0 . 8 7
2 0 9 5 0 25 4 0 . 9 -72 17 3 9 1 5 . 3 0 0 . 7 5 2 1 6 0 0 25 5 9 . 5 -71 5 0 9 1 5 . 3 6 0 . 6 6
2 0 9 6 0 25 3 0 . 0 -72 2 10 1 4 . 1 5 0 . 9 9 2 1 6 1 0 2 6 2 1 . 6 -72 16 16 1 4 . 03 0 . 9 2
2 0 9 7 0 25 3 8 . 6 -72 13 55 1 2 . 8 0 1 . 1 2 2 1 6 2 0 2 6 18 . 6 - 72 10 4 4 1 5 . 21 0 . 8 0
2 0 9 8 0 2 6 2 3 . 1 -73 9 3 7 1 5 . 2 8 0 . 8 3 2 1 6 3 0 2 6 3 5 . 7 - 72 31 19 1 4 . 0 8 0 . 81
2 0 9 9 0 2 5  4 6 . 3 -72 2 3  23 1 4 . 5 3 0 . 9 4 2 1 6 4 0 2 6  5 9 . 7 -72 5 9  2 4 1 2 . 6 0 0 . 7 3
2 1 0 0 0 2 5  3 5 . 4 -72 8 16 1 5 . 0 7 0 . 8 7 2 1 6 5 0 2 6  17 . 7 - 72 8 13 1 4 . 7 5 0 . 6 2
2 1 0 1 0 2 5  2 2 . 0 -71 4 9  2 0 1 3 . 3 7 0 . 7 6 2 1 6 6 0 2 6  4 3 . 0 -72 3 9  7 1 2 . 9 9 0 . 8 0
2 1 0 2 0 2 6  1 7 . 2 -72 5 9  5 2 1 1 . 3 4 1 .1 3 2 1 6 7 0 2 6  4 6 . 9 - 72 4 3  5 0 1 1 . 6 6 1 .2 9
2 1 0 3 0 2 5  4 4 . 5 -72 18 2 4 1 4 . 0 9 0 . 8 8 2 1 6 8 0 2 6  3 9 . 6 - 72 3 4  2 2 1 2 . 91 1 . 0 2
2 1 0 4 0 2 5  4 8 . 6 -72 2 2  0 1 5 . 4 3 0 . 7 7 2 1 6 9 0 2 6  5 1 . 1 - 72 4 7  33 1 1 . 1 8 0 . 5 1
2 1 0 5 0 2 5  5 9 . 7 -72 3 5  5 0 1 5 . 0 3 0 . 9 7 2 1 7 0 0 2 6  2 0 . 1 - 72 7 58 1 5 . 4 3 0 . 7 9
2 1 0 6 0 2 5  3 9 . 8 -72 9 10 1 4 . 4 3 0 . 7 2 2 17 1 0 2 6  3 9 . 8 - 72 2 9  5 6 1 4 . 0 9 0 . 8 5
2 1 0 7 0 25  5 1 . 1 -72 21  3 7 1 1 . 8 0 0 . 6 0 2 1 7 2 0 2 6  4 . 2 -71 4 4  11 1 1 . 0 4 1.11
2 1 0 8 0 2 5  5 9 . 8 -72 31  4 5 1 5 . 8 8 0 . 5 1 2 1 7 3 0 2 6  4 . 0 -71 43  4 1 5 . 4 7 0 . 6 9
2 1 0 9 0 2 5  4 5 . 7 -72 12  57 1 4 . 3 2 1 . 0 4 2 1 7 4 0 2 6  5 2 . 9 -72 4 3  10 1 4 . 0 8 1 . 3 4
2 1 1 0 0 2 5  3 7 . 9 -72 2 8 1 3 . 8 9 0 . 9 5 2 1 7 5 0 2 6  3 3 . 4 - 72 19 6 14 . 11 0 . 9 8
2 11 1 0 2 6  3 2 . 7 -73 9 5 9 1 4 . 4 6 0 . 8 2 2 1 7 6 0 2 6  2 8 . 8 - 72 12 23 1 4 . 6 7 1 .0 4
2 1 1 2 0 2 5  4 6 . 9 -72 9 3 1 5 . 0 7 0 . 7 4 2 1 7 7 0 2 6  2 9 . 8 -72 13 2 9 1 3 . 8 2 0 . 9 8
2 1 1 3 0 2 5  5 6 . 1 -72 21  19 1 4 . 0 5 0 . 8 5 2 1 7 8 0 2 6  4 3 . 0 -72 29  4 7 1 1 . 6 7 0 . 9 2
2 1 1 4 0 2 6  1 0 . 4 -72 3 7  35 14 .21 0 . 9 1 2 1 7 9 0 2 6  2 5 . 6 -72 7 45 1 4 . 9 4 1.31
2 1 1 5 0 2 6  1 0 . 6 -72 3 7  2 4 1 3 . 9 9 0 . 8 4 2 1 8 0 0 2 7  7 . 7 - 72 5 6  4 8 1 5 . 2 5 0 . 8 9
2 1 1 6 0 2 5  4 7 . 0 -72 5 5 9 1 4 . 7 0 0 . 6 3 2 1 8 1 0 2 6  4 7 . 9 -72 33  12 1 5 . 5 8 0 . 7 5
2 1 1 7 0 2 5  5 0 . 6 -72 11 11 1 5 . 5 3 0 . 5 7 2 1 8 2 0 2 6  4 3 . 6 - 72 2 6  59 1 3 . 9 6 0 . 91
2 1 1 8 0 2 5  5 7 . 4 -72 18 3 9 1 4 . 5 6 1 . 0 2 2 1 8 3 0 2 6  3 3 . 5 -72 14 6 1 5 . 4 8 0 . 8 7
2 1 1 9 0 2 6 6 . 3 - 72 3 0  13 1 4 . 0 5 0 . 8 4 2 1 8 4 0 2 6  4 8 . 7 - 72 3 0  56 1 2 . 8 5 1 . 00
2 1 2 0 0 2 5  5 8 . 8 -72 18 13 1 5 . 21 0 . 8 0 2 1 8 5 0 2 6  3 5 . 4 - 72 13 53 1 4 . 5 8 0 . 7 8
2 1 2 1 0 2 6 7 . 7 -72 2 9  2 4 1 4 . 0 5 0 . 8 2 2 1 8 6 0 2 6  4 4 . 9 - 72 25  3 8 1 4 . 7 2 0 . 9 4
2 1 2 2 0 2 6  3 2 . 5 -72 5 9  57 1 5 . 3 9 0 . 4 8 2 1 8 7 0 2 6  5 8 . 2 -72 41 16 1 5 . 3 2 0 . 5 0
2 1 2 3 0 2 5  2 7 . 4 -71 33  3 4 1 3 . 1 4 0 . 7 8 2 1 8 8 0 2 7  8 . 4 -72 53 14 1 4 . 6 3 0 . 8 5
2 1 2 4 0 2 6 6 . 5 -72 2 5  3 9 1 1 . 6 4 1 .7 7 2 1 8 9 0 2 7  13 .9 -72 58  13 1 1 . 91 0 . 6 6
2 1 2 5 0 2 6  1 0 . 6 -72 3 0  2 8 1 5 . 8 9 0 . 6 0 2 1 9 0 0 2 6  1 1 . 4 -71 4 0  57 1 2 . 5 7 0 . 9 8
2 1 2 6 0 2 6  2 7 . 7 -72 51 41 1 5 . 5 0 0 . 6 9 219 1 0 2 6  2 1 . 2 -71 53  5 1 5 . 2 9 0 . 8 6
2 1 2 7 0 2 6 9 . 9 -72 2 8  21 1 4 . 43 0 . 9 3 2 1 9 2 0 2 6  5 3 . 9 - 72 3 2  4 5 1 4 . 5 3 0 . 6 9
2 1 2 8 0 2 6  1 1 . 7 -72 2 9  4 0 1 4 . 53 0 . 9 0 2 1 9 3 0 2 6  5 2 . 7 -72 2 9  2 2 1 3 . 6 0 1 . 06
2 1 2 9 0 25 2 9 . 6 -71 33  16 1 4 . 93 0 . 7 6 2 1 9 4 0 2 6  2 9 . 1 -71 59  1 1 5 . 3 8 0 . 9 6
2 1 3 0 0 25 4 1 . 0 -71 4 8  4 6 1 4 . 97 0 . 6 5 2 1 9 5 0 2 6  2 0 . 1 -71 4 6  4 7 1 3 . 9 9 0 . 8 8
2 13 1 0 2 6 8 . 7 -72 2 4  55 1 5 . 5 2 0 . 8 3 2 1 9 6 0 2 6  4 6 . 5 -72 19 19 1 5 . 8 7 0 . 6 4
2 1 3 2 0 2 6  2 0 . 8 -72 4 0  7 1 2 . 85 1 . 05 2 1 9 7 0 2 6  5 2 . 2 -72 26  4 0 1 2 . 5 4 1.25
2 1 3 3 0 25  3 0 . 7 -71 33  2 6 1 3 . 8 6 0 . 9 4 2 1 9 8 0 2 7  11 . 7 -72 4 9  39 1 5 . 5 0 0 . 7 8
2 1 3 4 0 2 6  1 4 . 9 -72 31 5 0 15 .01 0 . 8 1 2 1 9 9 0 2 6  11 . 8 -71 3 4  4 8 1 5 . 5 3 0 . 7 2
2 1 3 5 0 2 6  16.1 -72 33  2 7 1 3 . 63 0 . 6 9 2 2 0 0 0 2 7  3 2 . 1 -73 8 56 1 5 . 6 9 0 . 5 4
2 1 1
TABLE 1 cont. Photometry for 47 Tue Stars
ID R A  (1 9 5 0 ) Dec V  (B -V ) ID RA (1 9 5 0 ) Dec V  (B -V )
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
2 2 0 1 0 2 7  0 .1 -7 2  31  3 9 1 4 .61 0.88 2 2 6 6 0 2 8  1 8 .4 -7 2  5 6  41 1 3 .3 8 0 .9 1
2 2 0 2 0 2 7  3 4 .5 -73  9 21 1 2 .8 7 0 .7 5 2 2 6 7 0 2 7  3 3 . 2 -72  4 16 1 1 .9 5 0 .7 4
2 2 0 3 0 2 7  2 6 . 4 -73 0 2 1 3 .4 3 0 .6 9 2 2 6 8 0 2 7  4 2 .1 - 7 2  14  3 4 1 3 .9 4 1 .0 5
2 2 0 4 0 2 6  5 8 .3 -7 2  2 6  12 1 3 .3 3 0 .7 2 2 2 6 9 0 2 8  1 0 .2 - 7 2  4 2  5 6 1 4 .7 9 0 .8 7
2 2 0 5 0 2 7  2 5 .7 -7 2  5 7  2 9 1 0 .9 1 0 .6 3 2 2 7 0 0 2 7  2 7 .3 -71 5 3  4 9 1 5 .1 1 0 .8 1
2 2 0 6 0 2 6  1 6 .1 -71 3 2  2 4 1 4 .5 6 0 .9 3 2 2 7 1 0 2 7  5 9 .0 -7 2  2 9  4 8 1 5 .4 4 0 .7 7
2 2 0 7 0 2 6  2 8 .9 -71 4 8  4 3 1 5 .0 6 0 .7 5 2 2 7 2 0 2 8  3 2 .3 -73  3 14 1 5 .2 0 0 .6 9
2 2 0 8 0  2 6  4 4 . 7 - 7 2  5 12 1 5 .8 6 0 .5 7 2 2 7 3 0 2 7  2 9 .1 -71  5 0  1 1 5 .4 0 0 .5 4
2 2 0 9 0 2 6  4 5 .3 -7 2  4  4 6 1 4 .1 6 0 .8 0 2 2 7 4 0 2 7  4 4 . 0 - 7 2  7 1 1 3 .3 0 0 . 7 2
2 2 1 0 0 2 7  1 9 .4 -7 2  4 5  2 1 3 .6 5 0 .5 6 2 2 7 5 0 2 8  3 .8 - 7 2  2 9  5 3 1 4 .7 0 0 .9 3
2 2 1 1 0  2 6  5 1 .8 -7 2  8 21 1 4 .4 4 0 .7 2 2 2 7 6 0 2 7  1 8 .1 -71 3 5  5 1 5 .2 5 0 .7 7
2 2 1 2 0 2 7  3 2 . 0 -7 2  5 2  3 9 1 4 .7 7 0 .9 0 2 2 7 7 0 2 7  3 6 . 2 -71 5 6  3 9 1 5 .3 3 0 .7 6
2 2 1 3 0  2 6  3 2 . 6 -71 4 0  2 8 1 4 .8 1 1 .0 2 2 2 7 8 0 2 7  5 3 .5 - 7 2  16 4 8 1 3 .4 1 0 .8 0
2 2 1 4 0 2 6  3 3 .9 -71 4 1  5 4 1 5 .0 5 0 .8 5 2 2 7 9 0 2 7  5 4 .3 - 7 2  16 10 1 4 .1 3 0 .9 5
2 2 1 5 0  2 6  5 6 .4 -7 2  8 3 6 1 4 .5 6 0 .9 5 2 2 8 0 0 2 8  1 4 .5 - 7 2  3 8  9 1 3 .9 6 0 .8 7
2 2 1 6 0 2 7  1 2 .9 -7 2  2 7  4 2 1 3 .3 3 1 .1 3 2 2 8 1 0 2 8  6 . 0 -7 2  2 8  14 1 3 .1 9 0 .7 7
2 2 1 7 0 2 6  3 5 . 0 -71 4 0  2 0 1 3 .3 2 1 .1 5 2 2 8 2 0 2 7  3 4 .7 -71 4 9  5 6 1 5 .0 2 0 .5 9
2 2 1 8 0 2 7  5 .6 - 7 2  16  3 5 1 3 .7 3 1 .0 9 2 2 8 3 0 2 7  3 5 .9 -71  5 0  58 1 5 .0 8 0 .8 7
2 2 1 9 0 2 6  3 1 .5 -71 3 3  4 2 9 .4 6 1 .1 5 2 2 8 4 0 2 7  2 8 .6 -71  4 1  15 1 5 .0 8 0 .9 4
2 2 2 0 0 2 6  3 6 .1 -71 3 8  5 2 1 0 .8 0 0 .7 9 2 2 8 5 0 2 7  2 5 .2 -71  3 6  3 2 1 5 .1 8 0 .7 5
2 2 2 1 0 2 7  2 9 . 0 -7 2  4 2  18 1 5 .5 7 0 .7 1 2 2 8 6 0 2 8  4 4 .3 -7 3  3 57 1 5 .6 5 0 .5 9
2 2 2 2 0 2 7  1 8 .8 -7 2  2 9  6 1 5 .0 7 0 .8 7 2 2 8 7 0 2 7  2 5 .0 -71  3 5  12 1 4 .2 1 0 .6 3
2 2 2 3 0 2 7  3 1 .7 -7 2  4 3  5 7 1 5 .0 6 0 .6 9 2 2 8 8 0 2 7  6 0 .0 -7 2  16  4 1 3 .1 0 1 .2 9
2 2 2 4 0 2 7  5 .9 -7 2  12  5 5 1 4 .4 0 0 .9 5 2 2 8 9 0 2 7  4 1 .8 -71  5 2  5 3 1 5 .5 9 0 . 5 4
2 2 2 5 0 2 6  5 8 .7 -7 2  3 4 6 1 3 .4 9 0 .9 1 2 2 9 0 0 2 7  4 5 . 4 -71  5 6  3 6 1 5 .4 5 0 .7 5
2 2 2 6 0 2 6  3 7 .6 -71 3 5  2 4 1 5 .2 4 0 .6 0 2 2 9 1 0 - 2 7  4 5 . 4 -71  5 6  3 6 1 5 .4 5 0 .7 5
2 2 2 7 0  2 7  2 6 .0 -7 2  3 4  8 1 4 .0 8 0 .8 6 2 2 9 2 0 2 7  2 5 .3 -71  31  3 6 1 5 .0 5 1 .0 3
2 2 2 8 0  2 6  4 5 .8 -71 4 4  3 0 1 5 .5 9 0 .6 9 2 2 9 3 0 2 8  3 2 .8 - 7 2  4 5  5 4 1 4 .1 7 0 .5 8
2 2 2 9 0 2 7  2 9 .8 -7 2  3 7  1 1 5 .4 8 0 .7 0 2 2 9 4 0 2 8  2 7 .8 - 7 2  3 8  4 1 1 4 .9 8 0 .7 9
2 2 3 0 0 2 7  1 4 .6 -7 2  18 3 7 1 5 .2 0 0 .8 2 2 2 9 5 0 2 8  1 1 .7 - 7 2  18 5 0 1 2 .6 1 1 .5 0
2 2 3 1 0 2 6  3 6 .8 -71 31  3 9 1 4 .2 9 0 .6 4 2 2 9 6 0 2 8  5 2 .3 -7 3  1 3 2 1 5 .5 8 0 .6 1
2 2 3 2 0 2 7  4 .1 -7 2  5 31 1 1 .7 8 1 .3 6 2 2 9 7 0 2 7  5 8 .4 -7 2  1 17 1 4 .8 0 0 .6 4
2 2 3 3 0  2 7  5 0 .3 - 7 2  5 8  1 1 5 .6 8 0 .6 7 2 2 9 8 0 2 8  1 7 .3 - 7 2  2 3  1 1 3 .2 5 0 .7 1
2 2 3 4 0 2 7  4 4 . 9 -7 2  51  3 3 1 5 .0 4 0 .5 1 2 2 9 9 0 2 8  3 8 .7 - 7 2  4 5  4 8 1 3 .7 2 0 .6 5
2 2 3 5 0 2 7  1 1 .9 - 7 2  1 2  8 1 5 .6 2 0 .5 5 2 3 0 0 0 2 8  3 3 .7 -7 2  3 9  4 9 1 4 .7 5 0 .8 7
2 2 3 6 0 2 6  4 0 . 7 -71 3 3  2 9 1 1 .5 0 0 .7 2 2 3 0 1 0 2 8  3 6 . 0 - 7 2  4 0  4 9 1 2 .8 9 1 .1 1
2 2 3 7 0 2 7  3 0 . 0 -7 2  3 2  5 0 1 4 .9 6 0 .6 4 2 3 0 2 0 2 8  4 2 . 0 - 7 2  4 6  14 1 5 .4 4 0 .6 8
2 2 3 8 0 2 7  3 9 .8 -7 2  4 1  2 9 1 3 .9 6 0 .7 0 2 3 0 3 0 2 8  2 9 .0 -7 2  3 0  5 4 1 4 .3 5 0 .9 9
2 2 3 9 0 2 8  1 .0 -7 3  4  12 1 5 .0 9 0 .6 3 2 3 0 4 0 2 8  2 3 .6 - 7 2  2 4  3 9 1 2 .5 8 0 .6 8
2 2 4 0 0 2 7  3 8 .0 -7 2  3 8  21 1 4 .9 1 0 .9 6 2 3 0 5 0 2 8  5 1 .0 -7 2  5 3  4 3 1 3 .3 5 1 .0 8
2 2 4 1 0 2 7  4 2 .1 -7 2  4 2  31 1 5 .6 9 0 .6 3 2 3 0 6 0 2 7  5 0 .3 -71 4 4  19 1 5 .4 2 0 .6 8
2 2 4 2 0 2 7  5 7 .5 -7 2  5 9  51 1 4 .6 4 0 .9 5 2 3 0 7 0 2 7  5 2 .8 -71 4 5  7 1 5 .1 9 0 . 9 0
2 2 4 3 0 2 7  2 0 .0 -7 2  16  3 7 1 4 .8 0 0 .9 8 2 3 0 8 0 2 8  0 . 2 -71 51  2 7 1 5 .6 9 0 .5 6
2 2 4 4 0 2 7  4 2 .3 -7 2  4 1  3 1 4 .2 1 0 .7 9 2 3 0 9 0 2 9  8 .3 -73  5 7 1 3 .0 7 0 .8 1
2 2 4 5 0 2 8  3 .7 -73  2 4 6 1 5 .3 8 0 .5 7 2 3 1 0 0 2 8  8 .5 -71 5 9  51 1 1 .9 2 1 .2 8
2 2 4 6 0 2 7  1 .7 -71 5 0  5 1 1 3 .3 4 0 .6 6 2 3 1 1 0 2 9  9 .8 -7 3  4  11 1 4 .2 5 0 .6 7
2 2 4 7 0 2 7  5 .2 -71 5 4  9 1 5 .2 7 0 .9 5 2 3 1 2 0 2 8  5 0 .9 - 7 2  4 3  19 1 3 .1 8 0 .6 3
2 2 4 8 0 2 7  1 6 .0 -7 2  6 2 2 1 3 .8 5 0 .9 7 2 3 1 3 0 2 8  2 2 .5 -7 2  9 10 1 5 .1 3 0 .6 7
2 2 4 9 0 2 7  4 1 . 4 -7 2  3 6  0 1 4 .2 3 0 .6 8 2 3 1 4 0 2 8  1 7 .0 -7 2  2 3 1 4 .0 8 0 .8 1
2 2 5 0 0  2 7  4 9 .3 -7 2  4 4  9 1 2 .9 4 0 .7 9 2 3 1 5 0 2 8  3 . 9 -71 4 6  4 7 1 5 .3 5 0 . 5 7
2 2 5 1 0 2 7  2 3 .5 -7 2  13  16 1 5 .2 8 0 .7 7 2 3 1 6 0 2 9  13 .1 -73  0 5 3 1 5 .2 1 0 .7 6
2 2 5 2 0 2 6  5 4 .6 -71 3 6  1 0 1 5 .1 2 0 .5 8 2 3 1 7 0 2 8  3 4 .4 -7 2  19  3 2 1 5 .7 5 0 .6 3
2 2 5 3 0 2 7  5 9 .3 -7 2  5 1  5 2 1 5 .5 5 0 .6 3 2 3 1 8 0 2 8  2 .9 -71 4 0  4 0 1 3 .1 0 0 . 7 0
2 2 5 4 0 2 7  2 4 .2 -7 2  8 5 7 1 4 .2 0 0 .7 4 2 3 1 9 0 2 8  2 8 .6 - 7 2  9 4 8 1 4 .1 8 0 . 8 0
2 2 5 5 0 2 7  2 7 .5 - 7 2  11 4 3 1 5 .2 8 0 .5 3 2 3 2 0 0 2 8  4 0 .5 -7 2  2 2  53 1 4 .8 4 0 . 6 9
2 2 5 6 0 2 7  1 2 .3 -71 51  5 5 1 3 .3 7 0 .6 6 2 3 2 1 0 2 8  4 8 . 7 -7 2  31  2 6 1 5 .5 7 0 . 8 2
2 2 5 7 0  2 8  1 0 .5 -7 2  5 7  4 7 1 4 .8 8 0 .3 2 2 3 2 2 0 2 8  5 9 .3 -7 2  4 2  5 2 1 4 .9 5 1 .2 4
2 2 5 8 0 2 7  4 4 . 0 -7 2  2 4  15 1 3 .9 5 0 .7 1 2 3 2 3 0 2 8  1 .3 -71 3 7  4 3 1 5 .5 6 0 .6 5
2 2 5 9 0 2 7  5 8 .0 -7 2  4 0  3 1 3 .4 1 0 .9 9 2 3 2 4 0 2 9  1 5 .7 -7 2  5 7  55 1 5 .3 9 0 .6 1
2 2 6 0 0 2 7  3 9 .1 -7 2  17  4 0 1 5 .6 1 0 .6 6 2 3 2 5 0 2 8  4 9 . 0 -7 2  2 9  5 2 1 3 .2 1 0 .7 7
2 2 6 1 0 2 7  5 5 .6 -7 2  3 5  5 4 1 4 .9 0 0 .8 3 2 3 2 6 0 2 8  4 1 . 0 -7 2  2 0  53 1 5 .0 2 0 . 7 0
2 2 6 2 0  2 7  3 3 .8 -7 2  1 0  4 0 1 4 .0 4 0 .8 5 2 3 2 7 0 2 9  2 6 .8 -73  7 4 7 1 4 .9 4 1 .01
2 2 6 3 0 2 8  2 1 .9 -73  3 51 1 5 .2 1 1 .0 8 2 3 2 8 0 2 8  2 8 .1 -7 2  5 5 2 1 5 .4 3 0 .8 7
2 2 6 4 0 2 7  3 1 .9 -7 2  7 3 9 1 4 .1 4 0 .7 5 2 3 2 9 0 2 9  1 1 .7 -7 2  51 5 0 1 5 .0 6 0 .8 7
2 2 6 5 0 2 7  4 3 .3 -7 2  18 2 5 1 5 .0 3 0 .4 5 2 3 3 0 0 2 9  2 2 . 2 -73  1 5 2 1 5 .3 6 0 .7 7
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ID
(1)
R A  (1 9 5 0 ) Dec 
(2) (3)
V  (B -V ) 
(4) (5)
ID
( 1 )
RA (1 9 5 0 ) Dec 
(2) (3)
V  (B-V ) 
(4) (5)
2 3 3 1 0 2 9  2 6 .7 -73  6 5 1 5 .0 6 0 .7 6 2 3 9 6 0 3 0  3 1 .7 -73  6 41 1 4 .2 0 0 .5 9
2 3 3 2 0 28  1 7 .7 -71 51  3 7 1 4 .1 3 0 .9 2 2 3 9 7 0 3 0  1 3 .2 -7 2  4 7  17 1 4 .8 8 0 .7 4
2 3 3 3 0 2 9  6 .6 -7 2  4 2  3 8 1 2 .4 4 0 .8 3 2 3 9 8 0  2 9  3 5 .1 -7 2  7 10 1 3 .1 7 1 .33
2 3 3 4 0 2 8  3 9 .1 -7 2  13 14 1 4 .2 3 0 .7 5 2 3 9 9 0 2 9  4 6 .7 -7 2  19 1 1 3 .8 0 0 .7 5
2 3 3 5 0 2 9  1 9 .6 -7 2  5 5  21 1 5 .4 0 0 .6 1 2 4 0 0 0 2 9  9 .3 -71 3 8  14 1 4 .9 4 0 .9 8
2 3 3 6 0 2 8  5 9 .9 -7 2  3 4  2 4 1 5 .5 9 0 .6 3 2 4 0 1 0 3 0  1 4 .9 -7 2  4 4  1 1 4 .8 7 0 .8 3
2 3 3 7 0 2 9  1 9 .8 -7 2  5 5  21 1 5 .4 0 0 .6 0 2 4 0 2 0 3 0  3 . 0 -7 2  31  3 9 1 5 .6 8 0 .5 2
2 3 3 8 0 2 9  4 . 2 -7 2  3 4  4 8 1 5 .3 6 0 .9 7 2 4 0 3 0 3 0  1 9 .2 -7 2  4 6  3 9 1 5 .6 2 0 .7 0
2 3 3 9 0  2 9  1 1 .7 -7 2  3 9  0 1 3 .3 4 0 .7 5 2 4 0 4 0 3 0  1 0 .2 - 7 2  3 6  4 8 1 2 .5 0 1 .2 0
2 3 4 0 0 2 8  2 9 . 2 -71 5 2  3 2 1 5 .1 0 0 .7 4 2 4 0 5 0 3 0  3 6 . 0 - 7 2  5 9  17 1 3 .8 5 0 .7 9
2 3 4 1 0 2 9  1 2 .0 -7 2  3 7  11 1 5 .5 3 0 .8 5 2 4 0 6 0 2 9  1 1 .7 -71 3 3  4 3 1 5 .0 8 1 .0 2
2 3 4 2 0 2 8  5 2 .7 -7 2  15 6 1 4 .8 6 0 .7 9 2 4 0 7 0 2 9  4 4 .1 -7 2  7 2 6 1 3 .7 9 0 .3 4
2 3 4 3 0 2 9  3 0 . 4 -7 2  5 3  3 9 1 5 .4 6 0 .6 7 2 4 0 8 0 3 0  19 .1 -7 2  4 2  7 1 3 .8 9 0 .6 6
2 3 4 4 0 2 8  5 5 .9 -7 2  17 4 2 1 3 .4 7 1 .6 4 2 4 0 9 0 2 9  4 1 . 0 - 7 2  3 2 3 1 1 .5 9 0 .8 3
2 3 4 5 0 2 8  2 4 .7 -71 4 2  5 7 1 4 .7 7 0 .7 5 2 4 1 0 0 2 9  3 0 .6 -71 5 1  2 1 3 .8 8 0 .6 7
2 3 4 6 0 2 9  5 .1 - 7 2  2 4  31 1 4 .6 3 0 .8 3 2 4 1 1 0 2 9  4 2 .8 - 7 2  0 8 1 4 .8 0 0 .8 6
2 3 4 7 0 2 9  2 2 . 0 -7 2  4 0  16 1 5 .4 3 0 .9 5 2 4 1 2 0 3 0  1 .3 - 7 2  17 4 8 1 4 .9 4 0 .9 2
2 3 4 8 0 2 8  3 8 .1 -71 5 2  5 9 1 4 .9 2 0 .7 7 2 4 1 3 0 3 0  1 7 .2 -7 2  3 2  3 8 1 5 .4 6 0 .7 7
2 3 4 9 0 2 8  5 8 . 4 -7 2  13 2 3 1 5 .3 9 0 .9 5 2 4 1 4 0 2 9  3 5 .8 -71 4 7  3 2 1 2 .8 2 0 .7 9
2 3 5 0 0 2 9  3 2 .8 -7 2  4 7  11 1 5 .0 8 0 .8 3 2 4 1 5 0 2 9  3 1 .0 -71 4 1  4 5 1 3 .7 0 0 .7 8
2 3 5 1 0 2 9  3 .7 -7 2  16  8 1 5 .7 1 0 .6 7 2 4 1 6 0 2 9  4 9 .1 -71 5 9  5 3 1 2 .9 0 0 .8 5
2 3 5 2 0 2 9  1 4 .8 -7 2  2 6  3 2 9 .5 9 0 .2 4 2 4 1 7 0 3 0  4 7 .9 -7 2  55  3 8 1 5 .6 2 0 .8 2
2 3 5 3 0 2 9  2 1 .7 - 7 2  3 2  3 8 1 4 .8 2 0 .7 1 2 4 1 8 0 2 9  5 3 .9 -7 2  2 4 2 1 5 .1 8 0 .9 8
2 3 5 4 0 2 9  4 9 . 2 - 7 2  5 8  51 1 4 .1 7 0 .6 3 2 4 1 9 0 3 0  3 9 .3 - 7 2  4 6  4 0 1 4 .8 7 0 .6 7
2 3 5 5 0 2 8  4 7 .5 -71 5 3  4 7 1 2 .6 9 0 .9 3 2 4 2 0 0  3 0  4 9 .3 - 7 2  5 5  13 1 4 .2 2 0 .7 6
2 3 5 6 0 2 8  3 8 .9 -71 4 3  3 6 1 5 .5 7 0 .7 9 2 4 2 1 0 3 0  2 4 .3 - 7 2  31 8 1 1 .5 7 1 .2 8
2 3 5 7 0 2 9  2 2 . 0 -7 2  2 9  4 4 1 4 .3 5 0 .8 1 2 4 2 2 0 3 0  5 3 .7 - 7 2  5 7  3 4 1 5 .7 2 0 .5 3
2 3 5 8 0 2 9  4 7 .7 - 7 2  5 5  3 5 1 5 .3 7 0 .7 9 2 4 2 3 0 31  4 .5 -73  6 17 1 4 .2 3 0 .5 7
2 3 5 9 0 2 9  5 5 .5 -73  3 1 1 3 .5 0 0 .4 2 2 4 2 4 0 3 1  6 .3 -7 3  8 2 4 1 1 .4 1 0 .7 5
2 3 6 0 0 2 9  3 9 .7 -7 2  4 6  9 1 5 .7 9 0 .7 6 2 4 2 5 0 2 9  3 8 .9 -71 4 2  2 3 1 5 .4 4 0 .7 6
2 3 6 1 0 3 0  2 .8 -73  7 4 3 1 5 .1 3 0 .7 9 2 4 2 6 0 3 0  5 5 .7 - 7 2  5 8  2 1 5 .9 3 0 .5 7
2 3 6 2 0 2 9  2 4 .1 -7 2  2 9  21 1 1 .0 2 - 0 .2 6 2 4 2 7 0 2 9  4 8 .5 -71 5 0  5 7 1 2 .9 7 0 .6 3
2 3 6 3 0 2 8  5 7 .7 -7 2  0  4 5 9 .9 7 0 .4 3 2 4 2 8 0 2 9  4 6 .7 -71  4 8  4 3 1 5 .5 5 0 .6 9
2 3 6 4 0 2 9  4 7 .7 -7 2  5 1  3 5 1 5 .5 2 0 .6 9 2 4 2 9 0 3 0  5 1 .7 - 7 2  4 9  5 2 1 5 .5 9 0 .7 9
2 3 6 5 0 3 0  2 . 0 -73  4 5 4 1 5 .5 2 0 .5 6 2 4 3 0 0 2 9  4 8 .1 -71 4 7  9 1 1 .9 1 0 .7 5
2 3 6 6 0 2 9  1 3 .8 - 7 2  15  4 1 5 .3 1 0 .8 6 2 4 3 1 0 2 9  3 6 .5 -71 3 3  19 1 5 .2 9 0 .7 6
2 3 6 7 0 2 9  3 6 . 4 -7 2  3 6  3 5 1 4 .5 4 0 .6 8 2 4 3 2 0 2 9  4 3 .7 -71  3 7  3 0 1 5 .4 4 0 .7 4
2 3 6 8 0 2 9  4 7 . 4 -7 2  4 7  4 9 1 5 .0 2 0 .6 6 2 4 3 3 0 3 0  3 3 .5 - 7 2  2 7  5 2 1 3 .1 1 0 .7 1
2 3 6 9 0 2 8  4 4 . 0 -71 3 9  12 1 4 .6 5 0 .8 5 2 4 3 4 0 3 0  5 1 .8 -7 2  4 4  6 1 5 .6 5 0 .6 0
2 3 7 0 0 2 9  4 . 7 -71 5 9  5 8 1 4 .0 5 1 .1 6 2 4 3 5 0 3 0  4 2 .9 -7 2  3 4  31 1 5 .0 5 0 .6 5
2 3 7 1 0 2 9  1 7 .3 -7 2  13 1 2 1 4 .6 0 0 .5 9 2 4 3 6 0 3 0  5 5 . 2 - 7 2  4 6  21 1 1 .7 8 0 .6 4
2 3 7 2 0 2 9  5 1 .7 - 7 2  4 6  4 4 1 2 .1 2 1 .1 5 2 4 3 7 0 3 0  1 .8 -71 53  3 1 5 .8 0 0 .6 6
2 3 7 3 0 2 9  5 9 . 4 -7 2  5 4  10 1 5 .1 4 0 .7 5 2 4 3 8 0 3 0  5 8 .2 - 7 2  4 7  4 5 1 4 .6 5 0 .7 0
2 3 7 4 0 2 9  5 9 . 4 -7 2  5 4  31 1 3 .0 4 1 .0 0 2 4 3 9 0 31  6 .2 - 7 2  5 2  18 1 4 .9 1 0 .6 8
2 3 7 5 0 28  5 0 . 4 -71 4 1  2 7 1 5 .2 6 0 .6 1 2 4 4 0 0 3 0  1 3 .5 - 7 2  1 1 1 3 .2 8 1 .4 5
2 3 7 6 0 2 9  3 5 .6 -7 2  2 9  0 1 4 .9 2 0 .6 2 2 4 4 1 0 3 0  4 9 .5 -7 2  3 4  9 1 5 .6 6 0 .8 8
2 3 7 7 0 2 9  7 .9 -71 5 8  3 9 1 3 .0 8 0 .8 6 2 4 4 2 0 31  7 . 0 - 7 2  4 8  4 4 1 4 .7 1 1 .4 7
2 3 7 8 0 2 9  3 4 . 0 -7 2  2 4  5 6 1 3 .2 0 0 .9 8 2 4 4 3 0 3 0  3 1 . 0 -7 2  13 5 8 1 2 .8 1 0 .8 3
2 3 7 9 0 3 0  0 .6 -7 2  51  4 3 1 5 .7 3 0 .5 9 2 4 4 4 0 3 0  3 9 .9 -7 2  21  4 7 1 3 .9 4 0 .8 3
2 3 8 0 0 3 0  1 3 .7 -73  3 1 1 5 .0 0 0 .6 8 2 4 4 5 0 3 0  3 3 .9 -7 2  14  2 8 1 5 .1 1 0 .8 5
2 3 8 1 0 2 9  5 1 .7 -7 2  3 9  3 4 1 5 .4 0 0 .7 5 2 4 4 6 0 3 0  5 9 .1 -7 2  3 9  2 1 4 .3 6 0 .8 0
2 3 8 2 0 2 9  1 3 .8 -7 2  0 18 1 4 .5 4 1 .3 7 2 4 4 7 0 31  2 2 .1 - 7 2  5 9  4 4 1 5 .5 0 0 .8 0
2 3 8 3 0 3 0  1 .9 -7 2  4 8  5 5 1 5 .4 2 0 .6 2 2 4 4 8 0 3 0  3 9 .8 - 7 2  19 2 0 1 3 .7 3 0 .7 1
2 3 8 4 0 2 9  4 6 .1 -7 2  31  2 9 1 3 .4 9 1 .2 7 2 4 4 9 0 3 0  2 6 . 2 - 7 2  5 2 4 1 5 .2 9 0 .8 4
2 3 8 5 0 2 9  1 6 .9 -71 5 9  2 9 1 3 .5 8 0 .6 6 2 4 5 0 0 31  2 9 .8 -73  3 5 7 1 4 .9 5 1 .0 6
2 3 8 6 0 2 9  5 9 .3 -7 2  4 2  2 8 1 5 .0 4 0 .7 7 2 4 5 1 0 2 9  5 5 .8 -71 3 2  3 0 1 5 .8 1 0 .5 6
2 3 8 7 0 3 0  8 .0 -7 2  4 9  4 6 1 5 .0 6 0 .7 3 2 4 5 2 0 3 0  5 3 .1 - 7 2  2 9  3 1 2 .7 8 0 .8 4
2 3 8 8 0 3 0  2 0 .5 -73 1 9 1 4 .9 2 0 .7 2 2 4 5 3 0 31  9 .1 -7 2  4 4  2 7 1 3 .5 1 0 .6 0
2 3 8 9 0 2 9  1 3 .0 -71 5 3  8 1 4 .6 2 0 .9 6 2 4 5 4 0 3 0  6 .4 -71 3 9  5 0 1 4 .3 6 0 .9 0
2 3 9 0 0 2 9  3 3 . 4 -7 2  14  31 1 2 .3 2 0 .9 9 2 4 5 5 0 3 0  3 1 .0 - 7 2  3 4 7 1 5 .8 2 0 .5 6
2 3 9 1 0 2 9  4 2 .9 -7 2  2 4  2 1 1 5 .6 5 0 .7 0 2 4 5 6 0 31  1 .1 -7 2  3 2  2 6 1 2 .1 7 1 .3 2
2 3 9 2 0 3 0  2 .5 -7 2  4 1  4 0 1 4 .3 8 1 .1 8 2 4 5 7 0 3 0  6 .1 -71 3 8  11 1 5 .3 7 0 .8 3
2 3 9 3 0 3 0  1 7 .2 -7 2  5 4  4 6 1 4 .9 1 0 .9 7 2 4 5 8 0 3 0  7 . 4 -71  3 9  8 9 . 8 6 0 .2 9
2 3 9 4 0 3 0  2 2 .8 -73  0 2 1 1 5 .7 7 0 .6 5 2 4 5 9 0 3 0  5 3 .6 -7 2  21 5 6 1 5 .1 1 0 .9 0
2 3 9 5 0 3 0  1 9 .5 -7 2  5 5  14 1 4 .5 1 0.68 2 4 6 0 0 31  3 . 4 - 7 2  3 0  17 1 4 .8 8 0 .7 4
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ID RA (1950) Dec V (B-V) ID RA (1950) Dec V (B-V)
(1) (2) (3) (4) (5) (1) (2) (3) (4) (5)
2 4 6 1 0  3 1  8 .1 -7 2  3 4  3 4 1 5 .4 2 0 .6 7 2 5 2 6 0 3 2  4 8 .6 -73  0 11 1 4 .9 5 0 .9 4
2 4 6 2 0 3 0  3 2 .8 -71 5 8  3 3 1 5 .6 5 0 .3 6 2 5 2 7 0 3 2  1 4 .9 -7 2  3 0  6 1 5 .6 7 0 .6 8
2 4 6 3 0 3 0  4 6 .3 -7 2  11 3 2 1 3 .9 3 1.11 2 5 2 8 0 31  2 9 .2 -71  4 6  4 0 1 3 .0 6 0 .6 1
2 4 6 4 0  3 0  1 5 .0 -71 3 9  16 1 5 .41 0 .7 3 2 5 2 9 0 31  5 0 .3 - 7 2  6 3 1 5 .4 1 0 .6 5
2 4 6 5 0  3 1  0 .9 -7 2  2 3  4 7 1 2 .6 5 0 .7 7 2 5 3 0 0 31  1 3 .3 -71 2 9  3 4 1 4 .5 2 0 .6 9
2 4 6 6 0  3 0  9 .6 -71 3 1  4 4 1 4 .9 7 0 .7 9 2 5 3 1 0 31  1 7 .0 -71  3 2  2 7 7 . 9 4 1 .1 2
2 4 6 7 0  3 1  2 6 . 4 -7 2  4 6  0 1 5 .3 6 0 .7 9 2 5 3 2 0 3 2  3 8 .6 - 7 2  4 5  31 1 4 .5 7 0 .9 3
2 4 6 8 0 3 1  4 .8 -7 2  2 5  2 2 1 4 .3 7 0 .9 9 2 5 3 3 0 31  3 9 .7 -71  51  3 4 1 4 .6 4 0 .6 6
2 4 6 9 0 31  4 9 .9 -73  5 14 1 4 .4 6 0 .7 7 2 5 3 4 0 3 2  4 5 .4 - 7 2  4 7  4 3 1 4 .0 2 1 .28
2 4 7 0 0  3 0  5 6 .4 -7 2  15 2 4 1 3 .1 3 0 .6 6 2 5 3 5 0 3 3  0 . 4 -73  0 5 1 3 .4 7 0 .8 1
2 4 7 1 0  3 1  5 1 .4 -73  4 4 7 1 2 .2 0 1.12 2 5 3 6 0 3 2  7 .5 -7 2  14  11 1 3 .9 0 0 .8 4
2 4 7 2 0 31  5 5 .9 -73  7 2 3 1 3 .4 5 1 .5 8 2 5 3 7 0  31  2 9 .6 -71 3 7  3 9 1 3 .3 5 0 .9 4
2 4 7 3 0 3 0  5 2 .1 -7 2  8 5 7 1 5 .2 3 0 .7 5 2 5 3 8 0 3 3  0 .3 - 7 2  5 7  2 0 1 3 .5 3 0 .5 2
2 4 7 4 0 31  1 4 .0 -7 2  2 9  5 0 1 4 .9 2 0 .7 5 2 5 3 9 0 3 2  3 1 .9 - 7 2  2 9  4 0 1 5 .3 8 0 .8 5
2 4 7 5 0 31  1 2 .0 -7 2  2 5  16 1 5 .4 7 0 .7 0 2 5 4 0 0 3 2  3 6 .2 - 7 2  3 3  10 1 5 .3 6 0 .6 5
2 4 7 6 0 31  0 .5 -7 2  12  55 1 2 .7 1 0 .7 1 2 5 4 1 0 3 2  3 9 .3 - 7 2  3 5  5 4 1 5 .6 7 0 .6 8
2 4 7 7 0 3 0  2 5 .6 -71 3 7  3 6 1 3 .9 4 1 .5 7 2 5 4 2 0 31  3 2 .7 -71 3 4  4 5 1 5 .3 2 0 .7 4
2 4 7 8 0  31  4 4 .5 -7 2  5 2  3 0 1 5 .1 0 0 .7 9 2 5 4 3 0 31  4 3 .1 -71  3 9  3 5 1 3 .8 7 0 .9 6
2 4 7 9 0 31  4 5 . 6 -7 2  51  21 1 4 .5 4 0 .6 7 2 5 4 4 0  3 2  1 1 .4 - 7 2  5 18 1 3 .7 7 1 .55
2 4 8 0 0 31  3 4 .7 -7 2  4 1  2 3 1 2 .3 6 0 .9 5 2 5 4 5 0 3 2  1 9 .6 - 7 2  1 2  3 2 1 1 .2 0 1 .55
2 4 8 1 0  31  1 2 .6 -7 2  17  5 7 1 0 .1 5 0 .9 2 2 5 4 6 0 3 2  4 9 . 2 -7 2  3 8  3 6 1 5 .4 5 0 .6 7
2 4 8 2 0 3 1  3 5 . 0 -7 2  3 7  4 0 1 4 .9 0 0 .9 9 2 5 4 7 0 3 3  1 1 .5 -7 2  5 6  5 2 1 4 .9 0 0 .6 5
2 4 8 3 0 3 1  2 9 .3 -7 2  3 2  3 1 5 .3 2 0 .9 2 2 5 4 8 0 3 2  4 1 .3 -7 2  2 9  9 1 5 .1 7 0 .6 7
2 4 8 4 0  3 1  1 1 .9 -7 2  15 31 1 5 .6 6 0 .6 0 2 5 4 9 0 31  5 6 .2 -71  4 8  3 0 1 5 .6 1 0 .7 4
2 4 8 5 0  31  4 4 . 6 - 7 2  4 4  15 1 5 .6 0 0 .6 6 2 5 5 0 0 3 3  3 .7 - 7 2  4 7  4 9 1 4 .0 7 1 .2 3
2 4 8 6 0 3 0  3 4 .6 -71 3 6  4 7 1 1 .6 9 1.12 2 5 5 1 0 3 2  4 1 . 0 - 7 2  2 7  5 4 1 5 .6 3 0 .5 5
2 4 8 7 0 31  2 1 .7 -7 2  2 0  2 0 1 3 .8 0 0 .7 5 2 5 5 2 0 3 1  4 8 .7 -71  3 9  4 1 4 .1 3 0 .9 2
2 4 8 8 0 3 0  3 0 .2 -71 2 9  31 1 3 .3 0 0 .8 0 2 5 5 3 0 3 2  3 . 2 -71 51 2 7 1 0 .5 3 0 .8 0
2 4 8 9 0 3 0  5 7 .5 -71 5 6  4 8 1 1 .6 7 0 .8 3 2 5 5 4 0 31  5 2 .5 -71 41  4 1 4 .0 3 0 .7 0
2 4 9 0 0 31  5 .8 -7 2  4  5 0 1 5 .2 2 0 .8 5 2 5 5 5 0 3 2  3 7 .6 - 7 2  21  4 6 1 4 .7 9 0 .7 5
2 4 9 1 0 3 2  1 3 .8 -73  5 51 1 4 .9 5 0 .7 1 2 5 5 6 0 3 3  2 8 . 2 -73  3 3 0 1 5 .3 4 0 .5 6
2 4 9 2 0 31  3 .3 -7 2  1 0 1 5 .2 3 0 .7 4 2 5 5 7 0 31 4 5 . 2 -71  3 2  3 6 1 4 .8 6 1 .3 4
2 4 9 3 0 3 2  1 2 .3 -73  3 3 6 1 2 .4 4 1 .4 7 2 5 5 8 0 3 2  2 0 .3 - 7 2  5 13 1 5 .5 5 0 .6 5
2 4 9 4 0 3 0  5 2 .2 -71 4 5  31 1 4 .9 0 1 .1 5 2 5 5 9 0 3 2  4 0 .8 - 7 2  2 3  19 1 3 .3 3 0 .9 4
2 4 9 5 0  31  11 .1 - 7 2  2  4 2 1 4 .8 2 0 .8 0 2 5 6 0 0 3 3  7 .5 - 7 2  4 5  2 2 1 4 .5 1 1 .0 0
2 4 9 6 0 3 0  4 1 .5 -71  3 3  2 4 1 5 .2 8 0 .8 2 2 5 6 1 0 3 2  4 5 . 4 - 7 2  2 5  3 6 1 5 .3 0 0 .9 4
2 4 9 7 0 31  1 .6 -71 5 2  3 0 1 4 .9 7 0 .8 2 2 5 6 2 0 3 3  1 1 .9 -7 2  4 7  51 1 5 .5 9 0 .7 0
2 4 9 8 0  3 2  1 4 .9 - 7 2  5 8  18 1 3 .4 8 0 .6 6 2 5 6 3 0  3 2  5 4 . 2 -7 2  3 2  3 8 1 3 .9 8 0 .7 9
2 4 9 9 0 3 2  6 .2 -7 2  5 0  6 1 4 .9 8 1 .2 3 2 5 6 4 0 3 2  5 2 .1 -7 2  2 9  3 6 1 2 .9 7 0 .5 8
2 5 0 0 0 3 2  1 2 .0 -7 2  5 3  2 9 1 4 .8 2 0 .7 8 2 5 6 5 0 3 2  2 2 .4 -7 2  1 5 6 1 4 .6 9 0 .8 0
2 5 0 1 0 31  0 .6 -71  4 6  31 1 3 .7 5 0 .6 2 2 5 6 6 0 3 2  4 2 . 4 -7 2  19  2 9 1 5 .5 2 0 .6 9
2 5 0 2 0  31  3 2 .1 -7 2  16  2 9 1 5 .1 4 0 .6 6 2 5 6 7 0 3 2  4 2 . 4 -7 2  19 3 0 1 5 .5 2 0 .6 9
2 5 0 3 0 3 0  4 5 . 0 -71 3 0  5 2 1 3 .0 2 0 .8 8 2 5 6 8 0 3 3  6 .8 -7 2  3 9  4 9 1 5 .4 2 0 .9 1
2 5 0 4 0  31  5 3 .7 -7 2  3 4  5 3 1 5 .7 1 0 .6 3 2 5 6 9 0 3 2  1 2 .9 -71  51 3 4 1 4 .4 6 0 .8 7
2 5 0 5 0  31  2 7 . 4 -7 2  9 13 1 3 .2 6 0 .6 9 2 5 7 0 0 3 2  4 7 .8 - 7 2  21  2 9 1 4 .8 4 0 .7 0
2 5 0 6 0  3 2  7 .1 -7 2  4 5  11 1 5 .5 8 0 .7 9 2 5 7 1 0 3 3  3 4 .3 -7 2  5 8  2 9 1 5 .6 2 0 .6 4
2 5 0 7 0 3 2  2 1 .8 -7 2  5 7  3 6 1 5 .2 8 0 .7 1
2 5 0 8 0 31  4 .8 -71 4 4  2 9 1 3 .2 3 0 .7 5
2 5 0 9 0  31  3 5 .4 -7 2  8 3 4 1 5 .1 6 0 .9 5
2 5 1 0 0 3 2  2 7 .8 -7 2  5 4  10 1 5 .1 1 0 .7 1
2 5 1 1 0 3 2  4 6 . 0 -73  7 9 8 .9 9 1 .6 7
2 5 1 2 0  31  3 6 .1 -7 2  3 15 1 1 .6 8 0 .6 8
2 5 1 3 0 3 2  1 7 .4 -7 2  3 9  5 0 1 4 .1 0 1.12
2 5 1 4 0 3 2  2 9 .0 -7 2  4 9  18 1 4 .1 4 0 .7 9
2 5 1 5 0 3 2  3 1 .6 -7 2  5 1  21 1 3 .2 0 0 .6 5
2 5 1 6 0 31 2 3 .3 -71 4 9  18 1 5 .1 9 0 .7 9
2 5 1 7 0 31 2 7 . 0 -71 5 2  5 7 1 4 .0 1 1.01
2 5 1 8 0 31 3 0 .8 -71 5 5  15 1 5 .4 5 0 .7 6
2 5 1 9 0 31  2 3 .8 -71 4 7  2 7 1 2 .4 6 0 .7 6
2 5 2 0 0 31 4 7 . 4 -7 2  9 2 6 1 5 .0 8 0 .6 9
2 5 2 1 0 3 2  3 2 .5 -7 2  4 9  2 7 1 1 .2 9 1 .2 5
2 5 2 2 0 31 5 2 .6 -7 2  13 3 8 1 4 .7 3 1 .1 9
2 5 2 3 0 3 2  5 0 .3 -73 3 5 2 1 3 .7 5 0 .8 3
2 5 2 4 0 3 2  3 4 .0 -7 2  4 9  14 9 .3 9 1 .9 4
2 5 2 5 0 31 5 4 .1 -7 2  12  4 8 1 2 .7 9 0.68
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